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PREFACE 


X HIS STUDY ORIGINATED in the idea that issues arising out of 
the growth and dissemination of science may be approached by 
the historian as problems in intellectual history and that the 
writing of such studies is desirable for the understanding both 
of science and of history. My interest is in the nineteenth 
century, which was a period when the relation of science to 
religious belief was generally regarded as a matter of acute 
concern. This was particularly true in England, and in England 
the Darwinian controversy was the most widely discussed and 
certainly the most dramatic issue affecting science, an issue, 
moreover, on which scientists themselves were at first sharply 
divided. Much of the heat of the debate, even among scientists, 
was generated out of opposing views regarding the implications 
of Darwin’s theory for religion and for morality; but so much 
has already been written upon this subject that, although it is 
not exhausted, I thought it might be more profitable to under- 
take research in the period before the publication of On the 
Origin of Species. Accordingly, I proposed to give an account 
of the immediate background of the pattern of scientific dis- 
agreement which culminated in disputes about Darwin’s book 
and to attempt to analyze the causes of that disagreement. In 
doing so, I have been led into an investigation of the develop- 
ment of geology rather than of biology. 

For ^e most part, this book deals with the opinions of peo- 
ple who were scientists or naturalists themselves, and I have 
chosen to approach the subject in this way for several reasons. 
In the first place, although it is coming to be a commonplace, it 
should nevertheless be pointed out that no science has ever been 
entirely composed of some neat collection of truths in which 
scientists, a body of men set apart by their knowledge, all con- 
cur. Scientists have never been isolated from their times. Sci- 
entific thought does, however, seem to possess the possibility of 
definitely if gradually disposing of error, though not necessarily 
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of arriving at final fact. When the scientist is thinking as a 
scientist, his attitude includes an honest respect for ascertained 
facts about nature and a particular way of handling those facts 
as the irreducible raw material of thought. This is not to say 
that the ideal respect for facts is lived up to on every occasion 
or that scientific method prevents disagreement about their in- 
terpretation. And here the historical treatment, even in the 
hands of the layman, may be a useful tool for charting the 
manner in which science has developed. It may isolate some of 
the preconceptions which have influenced the scientist’s inter- 
pretation, acceptance, or rejection of facts, and it may discover 
how far the origin of those preconceptions is to be found in the 
social, intellectual, and theological climate of his times. 

In the subject treated in this book, the theological climate 
was obviously of particular importance. This suggests a further 
reason for writing about the opinion of scientists themselves 
Contemporary scientific literature of the years before 1850 or 
thereabouts makes it immediately apparent that neither the 
conflict between religion and science, as later held by John W 
Draper,' nor even that between theology and science, as set out 
in the classic account by Andrew D. White,” was the simple, 
universal, black-and-white affair that it seemed in the optimistic 
perspective of late nineteenth-century positivist rationalism.® 
W. E. H. Lecky’s discussion of the theological characteristics of 
the eighteenth century confirms this point. 

Few of the grounds upon which the more serious scepticism of the 
nineteenth century is based then existed. One ot the most remarkable 
differences between eighteenth century Deism and modern freethink- 
ing is the almost entire absence in the former of arguments derived 
from the discoveries of physical science. These discoveries had un- 
que.stionably a real though indirect influence in discrediting many 
forms of superstition, but the direct antagoni.sm between science and 
theology which appeared in Catholicism at the time of the discoveries 
of Copernicus and Galileo was not seriously felt in Protestantism till 
geologists began to impugn the Mosaic account of the creation.'* 

As will appear throughout this study, though I agree with 
Lecky’s statement, I do not agree with him — or with the most 
common interpretation among later historians of ideas — in 
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regarding tenderness towards the Bible as the basis of the difli 
culty between science and Protestant Christianity. Indeed, dur- 
ing the seven decades between the birth of modern geology and 
the publication of On the Origin oj Species, the difficulty as 
reflected in scientific literature appears to be one of religion (in 
a crude sense) in science rather than one of religion versus 
science. The most embarrassing obstacles faced by the new 
sciences were cast up by the curious providential materialism of 
the scientists themselves and of those who relied upon them to 
show that the materials of a material universe exhibit the sort 
ol necessity which results from control instead of the sort which 
springs from self-sufficiency. The work of the scientists sup- 
ported a provident ia list view which managed to be at the same 
time mundane and supernatural — mundane as to appearances 
and supernatural as to inferences. 

Whether the last century, as distinct from the whole of his- 
tory, witnessed something like an inevitable and definitive war- 
fare between science and religion, I do not know. The scope of 
this study is not nearly so ambitious as that, however. Indeed, 
its limitations are rather narrow, even for a monograph, but to 
extend them would destroy whatever unity my treatment has 
and would also, at the moment, exceed the boundaries of my 
research. I have hoped that within its limits what follows will 
be of some interest, and I had, therefore, better make clear what 
those limits are. 

In the first place, although the first chapter takes a running 
start from the attitude of natural philosophers to the larger 
meanings of their work in the relatively unspecialized atmos- 
phere of the seventeenth and eighteenth centuries, my detailed 
treatment of the subject begins with the closing decades of the 
eighteenth century. To find the ultimate origins of the attitudes 
I discuss would, of course, take me back to the beginnings of 
western thought, but it was near the turn of the nineteenth 
century that geology put on distinctively modem dress, the first 
of the descriptive sciences to do so. Old issues regarding the 
order of nature together with newer issues regarding the history 
of nature were then caught up in the development of geology. 
This, it seems to me, forms the most significant aspect of the 
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immediate background of the debate over evolution. Using the 
growth of geology as the directing thread, I have carried the 
story down to the Darwinian controversy, but have stopped 
short of it (except for some general concluding remarks) . Sec- 
ondly, having decided that the issues discussed arose from a 
quasi'theological frame of mind within science, I have written 
from that point of view and have excluded the purely clerical 
opponents of science as a whole. Thirdly, I have not fretted 
about epistemology. The nature and validity of the reality re- 
vealed by scientific investigations were not matters about which 
any of the people who figure in this book made any difficulty. 
I have also dispensed with any treatment of the atheistic and 
primarily rationalist tradition, never very strong in Victorian 
England. The sources of rationalistic atheism were not the same 
as the sources of scientific agnosticism.® 

Lastly, and perhaps most seriously, I have dealt only with 
British opinion. This, to be sure, reflects the work of European 
scientists, but even so it was no more than a special case of the 
reception of theories and discoveries which are not supposed to 
have taken any account of national boundaries. Scientific 
thought, though it may not be quite so independent of its en- 
vironment as is sometimes said, is certainly far less apt to be 
shaped by class or national influences than, say, the concepts of 
political economy or the interpretation of history. Opinion about 
science, however, is undoubtedly a social phenomenon and can 
be expected to reflect interpretative attitudes characteristic of 
the time and place, and this is true both of the opinion of sci- 
entists and of other people. 

For the period covered by this study, it would undoubtedly 
be desirable to compare continental opinions with British and 
Roman Catholic reactions with Protestant ones, and these are 
projects which might well repay further research. Since the sub- 
ject involves geology primarily, however, there are certain rea- 
sons for beginning with Great Britain. Although it is not neces- 
sary to go the whole way with Dr. Singer in being “struck by the 
overwhelming share of British investigators in the early devel- 
opment of geology as a science,” * it is true that the work of 
British geologists was very productive and that geology was a 
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popular science in Britain, partly, perhaps, because it was an 
outdoor science and in its early days a peculiarly individualistic 
one.^ The first of the now numerous national geological societies 
was founded in London in 1807. In England itself the Geological 
Society of London was the earliest of many specialized scientific 
societies. Moreover, in contrast to the backwardness of the 
British government in most scientific matters, England was also 
the first country to establish a geological survey (1835). Finally, 
popular science enjoyed a great vogue in England in the early 
nineteenth century, more so than on the Continent. It is clear 
from the literature that the meaning of science for society was 
important to scientists as well as to other leaders of opinion in 
England. 

In the period here under discussion, from 1790 or so to 1850, 
this meaning, so far as it was controversial, appears to have 
grown out of the development of the descriptive sciences and 
particularly of geology. If this study seems to give undue prom- 
inence to the work of geologists, it is only following the example 
of the contemporary public.*' There were a number of reasons 
for this interest. In the first place, the descriptive sciences — ju^t 
then emerging from the chrysalis ot “natural history” — were 
continually revolutionizing their basic conceptions in a notably 
dramatic fashion, while the physical sciences were expanding by 
fitting technical and — to the layman — less interesting details 
into a framework unaffected philosophically by its own growth. 
This difference was appreciated at the time. Everyone spoke of 
geology as a newborn science, one which had begun only with 
James Hutton or with Abraham Gottlob Werner. Its disputes 
were described as the inevitable squalls and squabbles of diild- 
hood.® This very inconvenience, however, made the subject par- 
ticularly well suited to popularization because, as a contem- 
porary scientist remarked, it dealt with “a lower order of facts,” 
comprehensible to almost anyone.'® In the positivist succession, 
geology logically follows chemistry and precedes biology. 
Whether this succession is necessary or not, the layman is apt 
to regard one particular science as the exemplar of basic sci- 
entific concepts in any given period. The prevailing preoccupa- 
tion with geology need not, therefore, be thought surprising. 
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The reader may be interested in knowing how I have selected 
the people whose opinions I discuss. Having decided to write 
about the opinions of scientists, I have not brought in anyone 
who was not a serious and productive naturalist, recognized as 
such at the time, and I have tried not to overlook any important 
British geologist whose work was relevant to the subject and 
who participated in the discussions I treat. It is obvious, how- 
ever, that some were much better scientists than others. In 2'he 
Great Chain of Being, Professor Lovejoy quotes G. H. Palmer 
to the effect that one may often learn more about the mind of 
an age from its inferior writers than from its greatest ones, who 
transcend their time.” Second- and third-rate scientists may, it 
seems to me, have a similar interest for the history of scientific 
opinion. All the people in Chapters II through VI have a just 
claim to be considered productive scientists, but the attention 
they receive is proportional to the importance of their contri- 
butions to the controversies in geology, which is my subject, 
rather than to the importance of their contributions to science. 
Nevertheless, the only important figure whose real contributions 
to scientific knowledge I would have difficulty in demonstrating 
is Robert Chambers: though he was something of an amateur 
naturalist and published a few minor memoirs, the interests of 
symmetry are what really require his inclusion because his 
Vestiges of Creation provoked some very heated rejoinders by 
people who unquestionably were scientists. These remarks, fi- 
nally, do not apply to Chapter I, which is introductory, or to 
Chapter VII, which discusses popular science and natural the- 
ology in general terms. In writing these chapters, I have simply 
chosen characteristic expressions of what seem to have been 
widely held points of view, and my choice was necessarily some- 
what arbitrary. There is one matter of definition that I ought to 
make clear here. By “Providence” and “providential,” I mean 
the idea that God created the universe with a purpose and that 
He supervises its operation with an eye to fulfilling that purpose. 

I should like to express my gratitude to those who have as- 
sisted me in the preparation and revision of this study and who, 
of course, are not responsible for the faults which remain. I may 
first of all take this opportunity to acknowledge my deep and 
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general indebtedness to Professor H. C. F. Bell of Wesleyan 
University, who introduced me to the study of history, and to 
Professor David E. Owen of Harvard University, who guided 
my graduate work and advised me in the research for the dis- 
sertation, of which this study is an outgrowth. Professor I. Ber- 
nard Cohen of Harvard has given me the benefit of his expert 
criticism of the manuscript, and his knowledge of the history of 
science has saved me from a number of deplorable mistakes. 
Professors Robert R.Palmer of Princeton University and Walter 
T, Woodfill of the University of Delaware were very generous 
with their time in reading the maninscript. Their comments on 
matters of organization, expression, and interpretation were of 
great value to me. The officials of the various libraries at 
Harvard University were very helpful, and the Master and the 
Senior Common Room of Kirkland House were must hospitable 
to a former member of their staff and provided me with accom- 
modations in which to work during the final revision. Publica- 
tion was made possible by the liberality of the custodians of 
the Re.search Fund at Princeton University, And finally, my 
wife has been of the greatest help with the manuscript and has 
worked over it as no wife with a house to run should have to 
work. 


Charles Coulston Gillispie 
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An author is bound to feel a little uneasy in offering to a 
wider public a book which is eight years old. Not that one has 
lost confidence in one’s book On the contrary, one is agreeably 
struck by an acute observation here, a happy aper^u there, 
and one wonders how they came to be written. For one’s inter- 
ests have grown, and one's information with them. This will not 
in itself concern the reader, who may be presumed to be inter- 
ested in the book rather than in the later evolution of its 
author. But in the case of a work of scholarship, the reader may 
wonder whether the passage of time has outdated the treatment 

I should like to say, therefore, that I think this book stands 
up. Were I writing it now, it would no doubt have more things 
in it. The preface and the last chapter might balance their dis- 
cussion of the theological and social context of science with 
some consideration of its philosophical implications. Through- 
out the whole story, the geological background of the theory 
of evolution might be accompanied by an account of biological 
problems. I am upon other studies now, and cannot write this 
different book But I shouM like to take the liberty of referring 
the reader interested in the history of evolutionary thought to 
an essay in which I do discuss these matters. The title is 
“Lamarck and Darwin in the Structure of the History of 
Science,” and it appears in company with other essays in a 
sjrmposium sponsored by the History of Ideas Club of Johns 
Hopkins University, The Forerunners of Darwin, edited by 
Bentley Glass (Baltimore: Johns Hopkins University Press, 

This is not the place to bring up to date the detailed bibli- 
ography of the subject. Nor is it necessary, since the history 
of Darwin’s work and influence in science has recently been 
reviewed from a more comprehensive point of view than mine 
by Loren Eiseley in his excellent study, Darwin* s Century (New 



GENESIS AND GEOLOGY 




I 


THROUGH NATURE UP TO NATURE’S GOD 


U It were seasonable, Undamor, to entertain ourselves but with those attri- 
butes of God, which are Legible or Conspicuous in the Creation; Wc might 
there discern the admirable Traces of such immense Power, such unsearch- 
able Wisdom, and such exuberant Goodness, as may justly ravish us to an 
Amazement at them, rather than a bare admiration of them. And I must 
needs acknowledge, Ltndamor, that when with bold Telescopes I survey the 
Old and Newly discover’d Stars and Planets that adorn the upper Region of 
the World; and when with excellent Microscopes 1 discern in otherwise In- 
visible Objects, the unimitablc Subtilty of Nature’s curious Workmanship; 
and when, in a word, by the help of Anatomical Knives, aftid the light of 
Chymical Furnaces, I study the Book of Nature ... I find my self oftentimes 
reduc’d to cxdame with ihe Psalmist, How mamfolj are thy wor^s, 0 Lord? 
in wisdom hast thou made them alU 

— The Honourable Robert Boyle ^ 

Extinguished theologians lie about the aadlc of every science as the strangled 
snakes beside that of Hercules. 

— Thomas Henry Huxley^ 


1 

Two CENTURIES Separated Huxley’s devoted hatred of theo- 
logians from Robert Boyle’s perfect confidence that science 
lifted the mind towards the worship of God. If there existed 
during most of this period a warfare between science and theol- 
ogy, scientists concerned would have been among the first to 
know of it. In England, however, they were not aware of being 
embattled until well into the nineteenth century. But the 
mutual tolerance of scientist and theologian did not reflect 
indifference to one another’s calling. Neither had ever re- 
garded the other s truths as irrelevancies. On the contrary, 
ever since the time of Bacon, scientists had been congratulat- 
ing themselves upon unfolding a divinely ordained system of 
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nature, through '‘the opening and laying out of a road for the 
human understanding direct from the sense, by a course of 
experiment orderly conducted and well built up.” * 

In seventeenth-century England, natural philosophers sur- 
rounded their labors wi^ a notably devotional atmo.sphere. 
Boyle and Newton, for example, did not make the sharp 
modern distinction between science and theology, and they 
were highly serious about both their theological and their 
scientific studies. They would have been deeply shocked at the 
condescension with which some later critics have described 
their religious writings as aberrations unworthy of genius. If 
an absorption in the divine plan was an aberration, it was an 
aberration of the times and not of the man. Lesser scientists, 
men like John Ray, John Wilkins, Nehemiah Grew, and many 
others untouched by genius, also turned their talents to ex- 
pressing the majesty and wonder of God’s revelation to man- 
kind, a message which could be read not only in the inspired 
writings but also in His book of nature.* 

Writings of the scientists fell into the Puritan pasture of 
awed confidence in the face of a universe unfolding into com- 
prehensibility at the touch of the ‘‘new philosophy.” It was a 
sobering prospect, certainly, because God was in it and 
through it, but it was a prospect to be contemplated stead- 
fastly. Those who were investigating and admiring the Lord’s 
work were necessarily participating in the Lord’s work. Puritan 
devotionalism and Puritan utilitarianism positively encouraged 
and facilitated the prosecution of scientific researches, and 
both Puritan and scientist looked forward to an improvement 
of man’s estate as the reward of their respective labors. The 
prevailing view of religion and the Baconian view of philos- 
Tphy together produced a positive, restless impatience with 
scholastic thinking. Both emphasized an individual interpreta- 
tion of different sorts of experience, and the Puritan’s opinion 
of scholastic methods in theology was cut from the same cloth 
as his attitude towards received authority in natural science.^ 
One critic of the universities, in attacking the school theology, 
asked, 
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What is it else, but a confused Chaos, of needless, frivolous, fruitless, 
triviall, vain, curious, impertinent, knotty, ungodly, irreligious, 
thorny, and hel-hatc’ht disputes, altercations, doubts, questions, and 
endless janglings, multiplied and spawned forth even to monstrosity 
and nauseousness? ® 

— a question that appears to demand an answer similar to his 
opinion of Aristotelian science, which he described as 

meerly verbal, speculative, abstractive, formal and notional, fit to 
fill the brains with monstrous and air}' Chymaeras, speculative and 
fruitless conceits, but not to replenish the intellect with sound knowl- 
edge, and demonstrative verity, nor to lead men practically to dive 
into the internal center of natures abstruse and occult operations; 
But is onely conversant about the shell, and husk, handling the acci- 
dental, external and recollacious qualities of things, confusedly, and 
continually tumbling over obscure, general and equivocal terms, 
•which are onely fit to captivate young Sciolists, and raw wits, but 
not to satisfy a discreet and wary understanding, that expects 
Apodictical, and experimental manuductions into the more interiour 
clossets of nature . . . 

And whereas names should truely express notions, and they be 
congruous to things themselves, the Aristotelian Philosophy it ads 
us into an endless Labyrinth, having nothing in manner but 
Syllogisms, or rather Paralogisms to statuminate and uphold the 
Fabrick thereof: For they have altogether laid aside Induction as 
too mechanical and painful, which onely can be serviceable to Physi- 
cal Science, and have invented words, terms, definitions, distinc- 
tions, and limitations consonant enough amongst themselves, but no 
way consorting or sympathizing with nature it self.'^ 

The author of a recent study devoted to a detailed discussion 
of a great many similar expressions of opinion graphically re- 
marks that “our modern scientific utilitarianism is the off- 
spring of Bacon begot upon Puritanism.” ® .;at 

If the Protestant ethic, as Max Weber described idissi- 
indeed resolve itself in social values emphasizing aaaracter 
tionalism, utilitarianism, a worldly asceticism, met!' 
gence in an approved vocation, the individual Nation, and it 
of experience, the desirability of free speculaii disappearance 
tionalization of appearances, this same colhlly pietistic spirit 
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divorced from theological implications, could serve equally 
well to describe a climate of opinion conducive to the cultiva- 
tion of experimental scientific inquiry. These virtues were not, 
however, divorced from theological implications. There was no 
reason that they should have been. Natural philosophers were 
particularly well situated for carrying into practical effect the 
glorification of God, because they were in direct contact with 
His works. Natural philosophy and religion were not the same 
realm, of course, but science and theology paralleled each 
other in being concerned with manifestations of divinity in a 
universe which was assumed to be permanently divine, in- 
creasingly intelligible, and so designed that man could better 
his lot by improving his understanding of physical phenomena. 
Materialism was, it is true, beginning to distress orthodox theo- 
logians by the end of the century, but they do not seem to have 
charged science with responsibility for its progress. John 
Harris, for example, author of the Lexicon Technicum^ at- 
tacked the Hobbesian school in his Boyle lectures for 1698 
He regarded immorality and pride as the cause of atheism 
and nowhere even hinted that science was to blame. Indeed, 
Hobbes had himself been an opponent of the new philosophy 

So long as the Puritan approach to religion remained vital, 
and even for some time afterwards, the theistic tendencies of 
the order of nature did not become an impersonal and mecha- 
nistic abstraction. There was a wealth of wonder in the well- 
known passage which expresses Newton’s view of Nature’s 
God; 

Whereas the main Business of Natural Philosophy is to argue 
from Phaenomena without feigning Hypotheses, and to deduce 
Causes from Effects, till we come to the very first Cause, which 
certainly is not mechanical . . . Whence is it that Nature doth 
nothing in vain, and whence arises all that Order and Beauty wliich 
we see in the World? . . . And these things being rightly dispatched, 
does it not appear from Phaenomena that there is a Being incorporeal, 
living, intelligent, omnipresent, who in infinite Space, as it were in 
his Sensory, sees the ^ngs themselves intimately, and throughly 
perceives Aem, and comprehends them wholly by their immediate 
presence to himself? 
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Newton’s feeling about the Deity retained a strong sense of the 
divine. He expressed it, however, in conceptions which long 
outlasted his own appreciation of the insufficiency of mecha- 
nistic interpretations. Already the existence of a divinity 
pears “from Phaenomena,” and already this is a convincing 
way for things of the spirit to appear. 

2 

Roger Cotes, the Plumian professor of astronomy at 
Cambridge, edited the second edition of Newton’s Principia. 
In his opinion, the Newtonian philosophy is the most secure 
defense against the attacks of atheists because it enables us to 
perceive and contemplate the majesty of nature and induces us 
to worship and revere the Maker and Lord of all 'things. “He 
must be blind who from the most wise and excellent contriv- 
ances of things cannot see the infinite Wisdom and Gk>odness 
of their Almighty Creator, and he must be mad and senseless 
who refuses to acknowledge them.” “ Although what one re- 
cent writer has called “that peculiarly English phenomenon, 
the holy alliance between science and religion,”” continued 
throughout the eighteenth century and gave rise to a great 
many observations similar to that of Professor Cotes, the first 
part of the century also brought a notable falling off both in 
the productivity of British science and in the intellectual and 
spiritual vitality of British theology. There is, however, no 
reason to suppose that these two developments were connected 
otherwise than coincidentally. In science all that declined was 
the rate of progress. This was a temporary phenomenon, the 
result partly of the magnitude of the achievements of the pre- 
ceding century and partly of the accidental circumstance thai 
the period from 1720 to 1760 or so produced no really great 
British scientists. The influences which by that time had dissi- 
pated the Puritan spirit were very different, and the character 
of religious life was fundamentally altered. 

Puritan devotionalism flagged after the Restoration, and it 
failed altogether in tlie eighteenth century. Its disappearance 
weakened, if it did not destroy, the generally pietistic spirit 
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in society, which revived only as the Methodist movement per- 
meated the whole fabric of British life in the form of nine- 
teenth-century evangelicalism. But evangelicals differed from 
their Puritan ancestors. Though not less devout, they placed 
their emphasis on emotions and good works and were not 
much interested in their formal theology, which in fact — 
apart from the doctrine of justification by faith — scarcely 
existed. The character of English society in the nineteenth 
century indicates that the decay of religious thought is not 
necessarily followed by the decay of religiosity, and it may 
conveniently be pointed out here that the scientists with whose 
religious problems the later chapters of this book will deal 
were living in an atmosphere which was pious but not theologi- 
cally profound. 

Except for the work of a few isolated writers, England 
produced no religious thought, as distinct from belief, of an 
order comparable to Puritanism until the Oxford movement of 
the 1830's, which, however different in spirit and doctrine, was 
(it may be) on an equivalent plane intellectually, though not 
nearly so profound or pervasive in its social effects. Bishop 
Butler’s Analogy, the most impre.ssive theological work of the 
eighteenth century, is usually described as a contribution to 
moral philosophy rather than to religion. Both Berkeley and 
Hume moved in higher reaches of philosophy than those which 
directly affected the subject of the present book, and the deist 
controversy of the early century seems in retrospect remarkable 
less for what it decided than for the philosophical ineptitude 
with which it was waged.^* And although one of the issues was 
the degree to which the newly discovered order of nature per- 
mitted religion to dispense with revelation, natural philos- 
ophers themselves took almost no part in the discussion. 

Despite the prestige of the idea of nature in the earlier part 
of the century, the only natural philosophers in England of a 
stature equivalent to even the secondary figures of the preced- 
ing generation were the astronomer royal, James Bradley, the 
clergyman-physiologist, Stephen Hales, and the mathematician 
and astronomer, Colin Maclaurin. This is not to say that there 
was no study of natural philosophy in England. Memoirs of 
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researches continued to fill the volumes of Philosophical Trans- 
actions. Many of these were useful, and they reported valuable 
experiments and observations in all branches of science. Few 
of them rose above the level of detail, but the multiplication of 
detail is itself one aspect of the expansion of knowledge. Some, 
on the other hand, were not so fruitful. Dr. John Arbuthnot, 
for example, printed a memoir to prove that the regularity in 
the birth of both sexes, since it could not possibly result from 
chance, must be reckoned “Among innumerable Footsteps of 
Divine Providence to be found in the works of Nature . . . 
for by this means it is provided, that the Species may never 
fail, nor perish, since every Male may have its Female, and of 
a proportionable Age ” 

This sort of thing was not as exceptional as might be 
supposed, and even important scientists put thefr attention 
on problems which now seem strange. Professor W. J.’s 
Gravesande of Leyden was so taken with Arbuthnot *s sugges- 
tion that he wrote an entire treatise which subjected it to an 
intensive and confirmatory mathematical analysis.^” But this is 
simply an illustration that it is time as well as genius which 
winnows the wheat from the chaff in scientific research. Even 
superior minds employ the conceptual schemes dike divine 
Providence) which, though rooted in tradition or in usage and 
not in facts, seem to expla'n phenomena. Edmund Halley, to 
take another instance, having brought comets within the pale 
of Newtonian astronomy, wrote a i aper in which he proposed 
a collision between the earth and a comet as the device which 
God had used to unleash a deluge as powerful as Noah’s had 
evidently been.^'^ Since the flood was then thought to account 
for the occurrence of marine fossils on the dry land, it did not 
seem an inappropriate subject for papers in Philosophical 
Transactions. 

Neither in Philosophical Transactions nor elsewhere were 
there published in England any really seminal contributions to 
science during this period. Apart from minor researches which 
pushed some topics further, natural philosophers were pri- 
marily occupied with assimilating Newton and with populariz- 
ing his system. The majority of the books on natural philos- 
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ophy were designed for the intelligent public/^ and of these 
two of the most authoritative and successful were translations 
of works by the Dutch professors Musschenbroek and 
Gravesande. The titles usually promise the reader a familiar 
introduction to, a compendium of, or a commentary upon the 
Newtonian system of the universe.*® “The Thoughts of being 
oblig’d to understand Mathematicks have frighted a great 
many from the Newtonian Philosophy,” as one of the best of 
the popularizers remarked,*® and these works generally fea- 
tured physics without tears and the Principia without mathe- 
matics. But they were good explanations — at least, the better 
ones were — and they were seriously conceived to fulfill a use- 
ful function. Many of them had originated as lectures, and the 
authors had devised a great variety of experimental demon- 
.strations to illustrate points which Newton had derived mathe- 
matically. Some attempted to describe the necessary mathe- 
matical reasoning in words. Others introduced their readers to 
mathematical discussion by choosing illustrations of gradually 
increa.sing difficulty. 

English natural philosophers were men of their time, 
though less so perhaps than French philosophes, and, as might 
be expected, their view of the religious implications of their 
work came to be expressed in the language of convention 
rather than of ardent conviction. Nevertheless, the convention 
was anparently sincere because divine Providence occupied an 
essential position in the literature of natural philosophy in the 
first half of the century. Colin Maclaurin, for example, is de- 
scribed as having undertaken the writing of his Treatise oj 
Fluxions'-^ with the object, among others, of refuting the 
charges of infidelity leveled against mathematicians by Bishop 
Berkeley Maclaurin ’s Account of Sir Isaac Newton's Philo- 
sophical Discoveries concluded with a chapter on “the Supreme 
Author and Governor of the universe, the True and Living 
God.” He was appalled at the rashness with which foreign 
philosophers like Descartes and Leibniz had dispensed 
with God. No small part of Newton’s superiority, thought 
Maclaurin, lay in his correct and cautious views upon this 
most important subject. Maclaurin particularly emphasized 
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the fact that *‘the Deity’s acting and interposing in the uni- 
verse, shew that he governs it as well as formed it,” and the 
circumstance that in many spheres He chose to exercise His 
control through subordinate agents and mechanical secondary 
causes, or through an ether, is no derogation from His power 
and no justification for substituting a blind, inanimate prin- 
ciple of order for a personal, superintending God. Maclaurin’s 
discussion of this point makes one of the rare references to be 
found in Newtonian literature to the phenomena which later 
conrerncd geology, a subject that as yet had not even been 
given its name. The visible effects of revolutions and catas- 
trophes in the crust of the earth are illustrations that ‘the 
Deity has formed the universe dependent upon himself, so a> 
to require to be altered by him, tho’ at very distant periods of 
time.” 

Maclaurin was deeply impressed with how unsatisfactory 
the design of the universe would have been had it not included 
provision for a future life, to which our present existence is 
probationary. Our mortal intelligence and earth-bound per- 
spective make possible only a very incomplete understanding 
of nature. In heaven, however, all will be made clear, and to 
Maclaurin this seems to have been the most attractive feature 
of the prospect for eternal felicity. He made the agreeable 
suggestion that after deatli it would be possible to compare 
notes with astronomers from other planets. The logical neces- 
sity that we should one day penetrat “farther into the scheme 
of nature” gives us, indeed, the strDngest of reasons to feel 
confident of immortal life, for God could not have meant 
simply to tantalize us with the little we have been permitted to 
learn here. “It does not appear to be suitable to the wisdom 
that shines throughout all nature, to supjxcse tliat we should 
see so far, and have our curiosity sn much raised concerning 
the works of God, only to be disappointed at the end.” 

The intensity of Maclaurin’s interest in the providential 
framework of natural philosophy was somewhat exceptional, 
but Newton’s other expositors agreed with him in regarding 
God as the first cause of all the phenomena of the physical uni- 
verse. “We must proceed cautiously in Physics,” observed 
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Gravesande, ^‘since that Science considers the Works of the 
Supreme Wisdom.” The Deity’s role was axiomatic. As is the 
way with axioms, however, it was usually postulated in pref- 
aces and, except in Maclaurin, not much discussed thereafter. 
“Physics do not meddle with the first Formation of Things. 
That the World was created by God, is a Position wherein 
Reason so perfectly agrees with Scripture, that the least 
Examination of Nature will shov» plain Footsteps of Supreme 
Wisdom.” There is, consequently, very little discussion re- 
garding ultimate causation in this literature. The natural 
philosopher’s business was rather to describe phenomena and 
to discover those uniformities of behavior which he calls laws 
and which may be described as causes, but causes only in the 
secondary sense that they explain appearances and not in the 
primary sense that they include within themselves the ultimate 
reason for their own existence. 

The principle of gravity, for example, explains the move- 
ments of the solar system and permits calculation and predic- 
tion, but none of the philosophers pretended to understand the 
cause of gravity itself, and they always pointed out that there 
is a vast quantity of other things which are unknown and 
probably unknowable. Nevertheless, although the reason that 
divine Providence hit upon the law of inverse squares is in- 
scrutable, this was not to say that the Newtonian philosophy, 
as critics charged, does not really explain the universe. Science 
describes its behavior, in part at least, and this is a great deal. 
Its reason for being at all must be referred to God, and though 
we cannot doubt diat He had a purpose in creating the uni- 
verse, natural philosophy cannot say what it was. Disclaimers 
of this sort were frequently accompanied by reflections upon 
the undistinguished position occupied by our earth in the solar 
system. Nevertheless, occasional remarks and habitual turns 
of phrase indicate that a very old and contradictory assump- 
tion was still widespread. Most writers on natural philosophy, 
except when they were making a conscious effort which was 
seldom sustained, agreed with Stephen Hales in thinking that 
“the beautiful Fabrick of this World was chiefly framed for 
and adapted to the Use of Man.” 
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Teleology was still too all-embracing a concept to be much 
discussed. The question of the Creator’s purposes, like that of 
His existence, does not occupy a prominent place in Newtonian 
literature, which instead is concerned to exhibit the laws of 
nature. According to Gravesande, “A Law of Nature then is 
the rule and Law, according to which God resolved that certain 
Motions should always, that is, in all Cases be perjormed. 
Every Law does immediately depend upon the Will of God.” 
Musschenbroek’s definition is similar. Laws of nature are 
“tho-'e constant appearances, which are always the same, 
whenever bodies are placed in like circumstances.” They are 
discoverable only by applying our senses to the study of facts, 
and our only appropriate tools are obserc-ation, experiment, 
measurement, mathematical calculation, and induction. This, 
in Musschenbroek’s view, is because the laws are divine and 
not simply reasonable. 

The wi.'sest of mortals could not have discovered any of them by 
reason and meditation, nor can pretend to have any innate ideas of 
them in his mind. For they all result from the arbitrary appoint- 
ment of the Creator, by which he has ordered, that the same constant 
motions shall always obtain on the same occasions 

Hence plants and animals reproduce only their likes, all heavy 
bodies fall downwards with a c^mstantly accelerated velocity, 
and an action is always accompanied by an equal and opposite 
reaction. There was nothing inherently necessary in this sys- 
tem of things, however; 

All these things might have been otherwise constituted, if God 
had so pleased. And why he thought fit to constitute them in this 
manner, we can by no means apprehend. It is .sufficient for us to 
know, that they are thus constituted, and to adoie the infinite wis- 
dom of the Creator, in this most admirable order and constitution of 
the universe. . . 

By having recourse to these laws, we know when a thing falls out 
in a natural, and when in a miraculous manner. For those are 
natural phaeromena, which are constantly observed to happen after 
the same manner, when bodies are placed in like circunistances. And 
those are miraculous phaenomena, which happen contrary to these 
laws.®* 
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Musschenbroek agreed with all the others that the laws of 
nature are by no means all found out, and he regarded this as a 
perpetual incentive to natural philosophers. Neither did he 
suggest, however, that miracles are simply natural events 
occurring in obedience to laws not yet understood. Gravesande 
might be construed in this latter sense — his discussion is not 
very clear: 

Also in respect to us, we call a Law of Nature every Effect which 
in all Occasions is produced after the same Manner, although its 
Cause is unknown to us. For we make no difference between a thing 
which immediately depends upon the Will of God, and what it pro- 
duces by the Intermediation of a Cause of which we have no Idea *•’ 

So far as laws of nature are concerned, the better commenta- 
tors, who were still thinking in terms of motion rather than of 
time, did accept the invariability of the providential dispensa- 
tions for the physical universe, but they did not altogether 
rule out the possibility that there might be other exceptional 
dispen.sations outside ihe realm of laws of nature. 

The study of miraculous phenomena would not have been 
a .subject for scientists, of course, but in the literature pub- 
lished in England, it is in Hume and not in the works on 
natural philosophy that there is to be found an explicit argu- 
ment for the incredibility of miracles. The geological interpre- 
tations of the Neptunist and the catastrophist schools in the 
nineteenth century, which will be treated in detail in later 
chapters, make it apparent that the entire elimination of the 
idea of providential intervention in the physical universe was 
still a long way off. Many of the problems which bothered 
the geologists are foreshadowed in the eighteenth-century 
Newtonian literature, though in a different and fainter form 
since the history of nature was not yet much involved John 
Rowning, for example, one of the less penetrating commenta- 
tors, was troubled by the accusation sometimes leveled against 
natural philosophy that, “whereas it ascribes Effects to natural 
or mechanical Causes, acting by fixed and unalterable Laws, 
it therefore excludes a Providence and the immediate Care and 
Protection of the supreme Being, making him no other than an 



THROUGH NATURE UP TO NATURE'S GOD 


IS 

Idle Spectator of things here below.” Rowning was confident 
that he could prove this charge to be unfounded. His book was 
an attempt to explain the universe on the principles of attrac- 
tion, cohesion, and repulsion. 

It is to be considered in the first Place, that the Principles of the 
Philosophy which is now received, are so far from being mechanical 
Causes, at least those which are here made Use of, that . . . they 
are the very Reverse; and consequently can be no other than the 
continual acting of God upon Matter, either mediately or imme- 
diati iy. Consequently, Natural Philosophy, by endeavouring to ac- 
count for the Phaenomena of Nature by those Principles, is so far 
from excluding the Deity from being concerned in the Affairs of this 
World; that it tends to “hew that none are performed without him 
Neither, secondly, does Natural Philosophy inculcate, that the Laws 
by which those Principles act, are fixed and unalterable. , 

Natural laws simply mean that things ordinarily happen after 
the same manner, not that they must do so. 

Doubtless the Author, both of Matter and of those very Prin- 
ciples by which it acts, can, notwithstanding those Principles, cause 
it to act differently from what it would do in consequence of them 
alone, and so by that means produce Effects contrary to the common 
Course of Nature, whenever he shall think proper. That he has done 
so, when wise Ends require it. appears from History. . Upon the 
whole therefore, to presume, that the ordinary and common Course 
of Nature is not sometimes altered, is hasty and unwarrantable.^* 

The Reverend Mr. Rowning was not a very profound philos- 
opher, but if his definition of laws of nature is a little cloudy, 
his descriptive account of the Newtonian universe is well in- 
formed. It went through eight editions. And he is an interest- 
ing early example of the compulsion for empirical apologetics 
to have its cake and eat it too — to demonstrate the hand of 
Providence both in the course of nature and out of it. 

Apologetics, however, was a by-product and not the pur- 
pose of the popular scientific treatises To J. T. Desaguliers, 
whose extensive Course of Experimental Philosophy was less 
an exposition of Newton than a manual of applied physics, the 
business of experimental science was “To contemplate the 
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Works of God, to discover Causes from their Effects, and make 
Art and Nature subservient to the necessities of Life by a skill 
in joining proper Causes to produce the most useful Effects.” 
Desaguliers was a clergyman who occupied himself with physi- 
cal science rather than with the affairs of the church. He de- 
voted considerable attention to research and was the first to 
distinguish between conductors and nonconductors, or “sup- 
porters,” of electricity, but populariz£s.tion was his major in- 
terest. For a time he lectured on Newtonian physics at Oxford. 
After coming to London in 1713, he offered public and private 
courses in Latin, French, English, astronomy, and “all Parts 
of pure or mix’t Mathematicks” for “Gentlemen who have a 
Mind to apply clo.se to these Studies.” Like the other propo- 
nents of natural philosophy, Desaguliers urged on his readers 
the desirability of cultivating the elegance of mind which in- 
fallibly resulted from a comprehension of the true system of 
the universe. And besides pleading the intellectual advantages 
of natural philosophy together with the insight it gave into the 
divine attributes, he and the other authors also made a great 
point of the practical benefits which accrue to the individual 
and to .society when the principles of mechanics, hydrostatics, 
and hydraulics are properly applied to the affairs of everyday 
life. Carriages, for example, would be kinder to the horse, the 
passenger, and the highway if the fashionable berlins and two- 
wheelers were replaced with vehicles rolling on four wheels of 
equal size The utility of natural philosophy was similarly illus- 
trated in a great variety of suggestions and demonstrations 
concerning the best design for pumps, stoves, steam engines, 
and water engines. On the whole, indeed, the utilitarian value 
of natural philosophy seems to have excited more real enthusi- 
asm than its edifying aspects. 

The various compendiums of natural philosophy seldom 
gave much space to the sciences which deal with organic nature 
and which, except as they bore on medicine, were usually 
lumped together as natural history. Martin’s Philosophia Bri- 
tannka, which covered physics, astronomy, and their practical 
applications, was offered to the public as a “Compleat System 
of Philosophy” and a “Physico-Mathematical Treasury of 
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Natural Knowledge.” Although the phrase “natural philos- 
ophy” in its general sense meant all the knowledge of nature 
which was based upon demonstrable fact, in common usage it 
seems to have been often employed to suggest simply New- 
tonian physics and astronomy. Many years later Professor 
Playfair of Edinburgh defined natural history as “the branch 
of knowledge which collects and classifies facts ... Its ob- 
jects are confined to what are called the three kingdoms, the 
Mineral, Vegetable, and Animal.” There is an allusion in 
Desaguliers which implies that natural history is ar inferior 
sort of study, not admitting of certainty since experiment and 
mathematics cannot be applied to its subject matter.®® This 
was, of course, an unduly derogatory and not altogether accu- 
rate remark. It was at this time that the Reverend Stephen 
Hales — of whom John Wesley remarked, “How well do phi- 
losophy and religion agree in a man of sound understanding” 

— was laying the foundation of quantitative physiology and 
was very fruitfully applying Newtonian concepts to the study 
of plant and animal fluids.^^ But it is true that natural history 
was relatively far less advanced than physics, and that what 
distinguished it in method from the physical sciences was the 
degree to which it had to proceed by observation and classifica- 
tion rather than by experiment and calculation. So far as 
England was concerned, John Ray was still the great name in 
natural history, but important as the seventeenth-century ad- 
vances in microscopy were, they had not been comparable to 
the Newtonian revolution, and no one towered over the de- 
scriptive sciences as Newton did over his field. 

The dominant concept in the general understanding of 
organic nature was, in fact, not a product of scientific research 
at all, but was instead the ancient idea which Professor 
Lovejoy’s The Great Chain of Being has traced from Plato, an 
idea which, with its attendant principles of plenitude, conti- 
nuity, and gradation, reached its widest extension in the first 
half of the eighteenth century.^® The organic creation in this 
conception was a chain of being, the links of which consist of 
all created forms stretching from the humblest and crudest 
types right up a graded ladder of perfection to the highest, God 
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Himself. The series was perfectly continuous and harmonious, 
without chasms or gaps, and the forms that made it up were 
thought to blend insensibly into one another. Since existence 
was a good, it would be incompatible with the Creator’s power 
and benevolence to suppose him unable or unwilling to create 
any form of being whi^ could possibly exist. In a somewhat 
circular fashion, it was often argued simultaneously that the 
plenitude of being was itself a proof of the Creator’s benevo- 
lence. Along with many similar writers, William Derham, who 
was a Boyle lecturer, a minor scientist, and an enthusiast for 
the Newtonian philosophy, held that the other planets consti- 
tute so vast an arena for being that God could not have left 
them unpopulated.*® There, thought Derham, would be found 
the forms not represented on the earth. 

During the course of the eighteenth century, the obvious 
gaps in organic nature led to a movement in thought which 
Professor Lovejoy has described as temporalizing the chain of 
being. Instead of being a description of the universe as it is and 
always has been, the chain came to be conceived of as a process 
of creation occurring in time. The principle of plenitude be- 
came the program rather than the description of the universe 
— sooner or later all possible forms would have been created. 
In a very general sense this change of emphasis may be re- 
garded as contributing to the development of evolutionary 
thought, but only in a speculative and not in an empirical 
fashion. By the end of the century, the idea of the chain of 
being had faded almost away. Echoes of it are found in the 
literature of natural history well on into the nineteenth cen- 
tury, more as a manner of speaking, however, than as scientific 
description. The interpretative problems faced by geology 
arose out of the actual facts discovered in the rock strata 
rather than out of the persistence of this ancient conception. 
After 1800 or so, geologists and zoologists were more im- 
pressed with the discontinuities and gaps in the animal king- 
dom than with any fancied continuity of forms. The Essays 
and Observations of John Hunter, for example, contain no 
allusions to an3^ing like a chain of being.** But dissolution of 
the chain of being did not mean the elimination of the notion 
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that the organic creation was peculiarly a theater for the ob- 
servation of Providence in action. In 1822 the Reverend John 
Fleming published a Philosophy of Zoology^ a work intended 
to be a summary of the science as then understood, and though 
his first pages explicitly refute the idea of the chain of being, he 
described zoology as a subject which considers “the wisdom 
of the plan of Providence.” The great chain of being had 
been simply one of the ways in which the conception of divine 
direction and divine purpose in nature was illustrated, and the 
conception survived this particular illustration as, indeed, it 
had survived many others. 

Although the emotion and ardor of seventeenth-century re- 
ligious feeling had disappeared out of the divine order of na- 
ture by the middle of the eighteenth century, the providential 
interpretation of the origin and purpose of the physical uni- 
verse had not then been challenged in its essentials. Neither, 
however, was it illustrated in detail, and it should not be sup- 
posed that the general pattern of assumptions discussed in the 
last few pages was the major interest of the scientists who 
worked within them. They wrote their books to describe the 
content rather than the framework of natural philosophy. The 
Paley school of natural theology in the early nineteenth cen- 
tury displayed divine Providence in every nook and cranny of 
the physical system of things with far more insistence than its 
eighteenth-century predecessorc William Derham, although 
like a number of others he anticipated Paley in exhibiting the 
hand of God running through innumerable adaptations of 
means to ends in the material universe, was also one of the last 
writers whose work on natural philosophy expressed the reli- 
gious enthusiasm of the seventeenth century. Like Paley, 
Derham felt that “inasmuch as every Workman is known by 
his Work,*’ both the existence and the perfection of God can 
be demonstrated in the creation, but unlike Paley, he attached 
primary importance to revelation.^^ Physico Theology dis- 
cussed the human soul as well as man’s physical situation, and 
Derham concluded his book by outlining the duties of adora- 
tion, reverence, fear, and obedience which we owe to God. No 
one at this time gave the argument the characteristic twist by 



20 GENESIS AND GEOLOGY 

which Paley extracted a social message from the physical 
creation. 

In Derham’s generation the people who wrote on natural 
philosophy from first-hand knowledge seldom attempted to 
draw any social or political inferences from their subject. The 
conception of the universe as a chain of being was sometimes 
employed as proof that graded inequalities of rank and station 
in life were of divine origin and hence i»eces.sary, but the many 
writers who delivered themselves of variations on this theme 
were not usually scientists.^** Desaguliers, who was a scientist, 
did compose a poem (as he described it) entitled The New- 
tonian System of the Worlds the best Model of Government, 
but this was simply a conventionally elegant feu d'esprit cele- 
brating the principles of limited monarchy in honor of the 
coronation of George II, an event so auspicious that it “makes 
us sensible, that Attraction is now as universal in the Political, 
as the Philosophical World.” The annotations explaining the 
Newtonian system were more extensive than the poem, about 
which the author, being aware that “Philosophers are the 
wor«t of Poets,” was somewhat apologetic. “Thus,” he re- 
marked in extenuation, “have I tack'd my Poetry to Philos- 
ophy, to make it go down; and Iho’ it should be thrown out by 
a Majority, I hope, by this Expedient, to gain a sufficient 
Number to keep it from being waste Paper.” 


3 


The study and interpretation of natural philosophy in the 
latter part of the eighteenth century exhibited a number of 
characteristics which, since they formed the immediate back- 
ground for the later development of geology, are important for 
an understanding of the problems encountered in the growth 
of that science. After 1760 or thereabouts, the prosecution of 
scientific researches in England entered on a period of quali- 
tative improvement and quantitative expansion. Oxford and 
Cambridge did nothing to advance science either by teaching 
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ties and private institutes which grew up in the last quarter of 
the century. The movement which gave birth to these organiza- 
tions was carried much further after 1800, and from its begin- 
ning it had the effect of enlarging the area of intelligent 
public interest in scientific questions. Unfortunately, there is 
no way to measure the extent of this result in any very exact 
or satisfactory fashion. Nevertheless, the informed audience 
for scientific discussion must have been growing if only be- 
cause of the increasing numbers of people who belonged to 
societies and who attended their meetings or read their 
publication ts. 

This development reflects an interest in science itself, of 
course, and also a growing (though by no means an original) 
appreciation of the utilitarian and commercial potentialities of 
applied science. In the eighteenth century, the foundation of 
scientific academies was not occasioned by the necessity for 
specialization which gave rise to the nineteenth-century soci- 
eties. This statement ought, perhaps, to be qualified to take 
account of tire Linnaean Society, which dates from 1788, but 
the Linnaean Society was at first far from specialized in its 
objects: it was devoted to the cultivation of natural history in 
all its branches.'’’" In general, the period down to the end of the 
century was still one of scientific universalism. Versatility was 
the most obvious common characteristic of people as different 
as Joseph Priestley, Benjamin Franklin, Henry Cavendish, 
Erasmus Darwin, and James Watt. With some few exceptions, 
of whom Joseph Black and Sir William Herschel were the most 
distinguished, those who were interested in science .'till took all 
of natural philosophy for their province. The most important 
advances were made in chemistry (apart from Herschel’s as- 
tronomical work), but as with physics in Newton’s time, it was 
the logical order inherent in the development of .science itself 
rather than professional specialization among scientists which 
made chemistry the most fruitful field. 

By the 1770’s there had come to be three distinct centers 
of scientific research and discussion in Britain: in London, in 
Birmingham, and in Edinburgh. The Royal Society of London 
was still the most respected and the only formal forum. Most 
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of the serious scientists and engineers in the provinces were 
fellows and kept in close communication with their colleagues 
in town. But the very informal Lunar Society in Birmingham 
encouraged, for a time, a greater intellectual vitality and cer- 
tainly displayed a more gay and imaginative spirit than is 
usually associated with learned groups. In Scotland the savants 
surrounding the Universities of Glasgow and Edinburgh were 
considerably more sober. There the pursuit of natural philoso- 
phy was apt to shade imperceptibly into pure philosophy and 
even into political economy. 

Colin Maclaurin had founded a Philosophical Society in 
Edinburgh in 1739. but after his death it had a chequered 
career and was threatening to become moribund when it was 
revivified under the presidency of Henry Home, Lord Karnes, 
who took office in 1777. During his administration the .society 
sought royal favor, which it received with little difficulty, and 
in 1783 one hundred and two members, divided into literary 
and philosophical sections, were incorporated as the Royal 
Society of Edinburgh In the .same year, the Irish, not to be 
outdone, secured a charier for the Royal Irish Academy, a 
foundation for the cultivation of si icnce, polite literature, and 
antiquities. It may have been a student of the latter subject 
who wrote the preface to volume I of the Academy’s Transac- 
tions, which attributed I rush backwardness in science in large 
part to “the important changes in the government upon the 
invasion of Henry II,” but in tlie future, the founders hoped, 
Ireland would yield precedence to no nation in the support and 
encouragement afforded to philosojihy, literature, the arts, and 
commerce Botn the Royal Irish Academy and the Royal 
Society of Edinburgh, like the Royal Society itself, were lo- 
cated in capital cities, and cultural nationalism played a part 
in their foundation. Dublin and Edinburgh, however, were not 
the first communities to feel the need of a .society of their own. 
The Literary and Philosophical Society of Manchester was 
founded in 1781. It was the earliest and always the most dis- 
tinguished of many similarly named societies in other towns. 
There was a resident membership of forty-three which the 
original by-laws limited to fifty, and no one was to be admitted 
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who had not proved his seriousness and ability by literary or 
philosophical publications of recognized merit.®* The society 
got off to a slow start. Dalton was the first member to achieve 
real eminence, and the earliest of his papers (on his color blind- 
ness) was read in 1794.®* Before his time, the Manchester 
Memoirs do not contain anything of much importance. 

The new foundations supplemented the Royal Society of 
London. They did not displace it as the central clearing house 
for discussion of all scientific subjects, and although there were 
beginning to be murmurs of complaint about its over-aristo- 
cratic administration before 1800, it was not until the 1820’s 
that the society was generally accused of smothering the pro- 
fessional disciplines under the dead hand of fashionable ama- 
teurishness.®® The range of the researches undertaken by Henry 
Cavendish, the greatest of the Royal Society circle, illustrates 
the pattern for his generation. His collected papers include 
original contributions to mathematics, chemistry, the physics 
of heat, optics, mechanics, electricity, magnetism, geology, 
meteorology, astronomy, aeronautics, cartography, and Hindu 
chronology. His most famous work was on the composition of 
air and of water, but he also clearly anticipated (though many 
of his results were left unpublished) the later formulations and 
determinations of electrical potential and capacity, of equiva- 
lent chemical weights, and of the density of the earth.®® He was, 
in addition, a very odd man. His more normal colleagues, how- 
ever — people like Sir Joseph Banks, Sir John Pringle, Richard 
Kirwan, and Samuel Horsley — differed from him in ability but 
not in diversity of interests. 

Joseph Priestley, though he was a fellow of the Royal So- 
ciety, spent most of his time with his Lunar Society friends in 
Birmingham. His activities almost defy summary. Priestley 
thought of himself as primarily a theologian and regarded his 
philosophical researches as occasional and auxiliary, though it 
is for them and not for his theology that he is remembered. 
Besides his scientific writings, he left behind him twenty-six 
volumes of miscellaneous works — theology, history, educa- 
tional theorj^ general philosophy, politics, and psychology ” 
In natural philosophy he wrote on optics, electricity, botany, 
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and pneumatic chemistry. Indeed, at one time Priestley felt 
“induced to undertake the history of all branches of experi- 
mental philosophy/^ ** 

The Lunar Society never had any formal organization. It 
consisted simply of a group of friends, sharing a passionate 
natural curiosity and considerable experimental skill, who met 
at one another’s houses for philosopincal discussion.”** They 
formed a remarkably various group Priestley was a noncon- 
formist minister who was moving towards Unitarianism. The 
most vivacious member was Dr. Erasmus Darwin, whose spirit 
was peculiarly a product of the eighteenth century. In no other 
scientific milieu would anyone have attempted to capture the 
charm of experimental philosophy in verse; *’** in the nineteenth 
century books written in the form of didactic, moralizing con- 
versations were the vehicles commonly employed for populariz- 
ing science on the lowest level. Darwin’s evolutionary ideas 
were seldom remembered until his grandson’s work awakened 
interest in them.”' Unhappily, too, his verse was bad, and 
nothing is likely to recall it from oblivion. It is, however, a 
good example of a certain engaging naivete which still suffused 
much of the scientific literature of the century. Priestley took 
an almost boyish pleasure in the appearance of his experiments, 
and he always liked to entertain his friends with the effects ho 
got in collecting gas over water or mercury.®** 

James Watt and Matthew Boulton are the best known of 
the other regular members. Watt seems to have thought of 
himself less as an engineer than as a natural philosopher who 
had happened to invent a .steam engine. Samuel Galton, a 
Quaker who manufactured gunpowder, was the group’s most 
frequent host. James Keir, “a mighty chemist," had once 
been an officer in the army, but he had become bored with a 
military career and had resigned his commission in order to 
devote himself to the manufacture of glass. Richard Lovell 
Edgeworth, a gentleman of leisure and something of an artist, 
had made himself an expert in agricultural improvement and 
in irrigation. The Reverend R. A. Johnson was vicar of Kenil- 
worth, and Father Joseph Barrington was a Roman Catholic 
priest from Oscott. 
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There are fewer sources of information on the lesser Scot- 
tish scientists than there are on the Lunar Society. The cor- 
re.spondence of Lord Kames, however, conveys the impression 
that in Edinburgh the study of natural philosophy was the same 
all-embracing interest that it was in London and in Birming- 
ham.”* Far the most capable Scottish scientists were James 
Hutton and Joseph Black, who were close friends and lifelong 
companions. It is a curious coincidence that though both were 
doctors of medicine, neither practiced the profession. Hutton’s 
work, which is often described as tlie foundation oi modern 
geology, will be discu-ssed in some detail in the next two chap- 
ters. Black’s outstanding achievements were tlie discovery of 
"fixed air’’ (carbon dioxide) and the very fruitful investiga- 
tions into latent heat which, besides their important long-run 
( onsocjuences, found immediate application in fields as different 
a.^ Hutton’s geological theory and Watt’s steam engine.*® 
James Watt had been one of Black’s better students in the 
University of Edinburgh, where he was profes.sor of chemistry 
Black’s approach to his work anticipated the modern emphasis 
on specialization. He is remembered only as a chemist. “Chem- 
istry,’’ he insisted, “is not yet a science. We are very far from 
the knowledge of first principles.’’ His .students were urged to 
confine their ‘‘attention to that body of knowledge which prin- 
rijially occupies and engages the chemist ’’ 

The chemist studies the effects produced by heat and by niixluie, 
in all bodies, or mixtuies of bodies, natural or artiricial, and .studies 
them with a view to the improvement of arts, and the kimwledae of 
nature.®* 

Black looked forward to the day when chemistry would take 
its place in a unified hierarchy of the whole science of nature 
He seems, however, to have been even more enthusiastic about 
the prospect for “the improvement 01 arts” and about the 
wealth and advantages which would accrue to his country if 
the traditional skills of the artisan — the pharmacist, the 
tanner, the blacksmith — could be informed by the philosophic 
principles determined in the laboratory. Like Boyle but unlike 
many of his contemporaries, he also appreciated the debt which 
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science owed to technology. In Black’s opinion, practical men, 
who had been spurred on to greater efficiency by economic 
competition, had been responsible for a larger share of even 
purely academic understanding than had natural philosophers.^^ 
Some day, he hoped, this situation would be reversed. Very 
likely the dramatic application of his ideas in Watt’s steam 
engine had a decisive effect on Black’s thought. That at any 
rate was the impression of the editor who, in the midst of the 
Napoleonic Wars, dedicated Black’s published lectures to Watt 
— in form to Watt, in fact to the moral of the steam engine: 

By thus turning the reader’s attention to Dr. Black’s most illus- 
trious pupil, I remind him of the important services derived from 
his discoveries: For surely nothing in modern times has made such 
an addition to the power of man as you have done by your improve- 
ments on the steam engine, which you profess to owe to the instruc- 
tions and information you received from Dr. Black 

When T contemplate the unparalleled state of prosperity of the 
British Empire, resulting from Ihe skill, spirit, and activity of its 
inhabitants, and reflect on the imperious call, now upon us, for still 
greater exertions, that we may maintain ourselves in thi'- our envied 
preeminence, 1 feel it my duty to hold forth every incitement that 
can animate to this honourable emulation: I shew to the Readei, in 
your example, that there is no preemineme in scientific attainment 
which he may not hope to teach, by rigidly adhering to the sober 
plan of experimental inquiry.*’^ 

Neither Black nor anyone else made the clear distinction 
between science and engineering which became one of the 
characteristics of specialization, in the eighteenth cimtury there 
was a large community of interest between men who, in an in- 
dustrial society, would be sharply differentiated as scientists, 
technicians, or manufacturers. Many of the Newtonian pop- 
ularizations of the earlier part of the century were full of dis 
cussion of pumps, vehicles, water engines, and drainage arrange- 
ments. Later on, Watt and Boulton were founders of the Lunar 
Society. Watt always had in train purely scientific researches, 
and Boulton’s house at Soho was a rendezvous for scientists, 
both English and foreign.®* Josiah Wedgwood, who was very 
active in promoting the building of canals, often came to the 
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Lunar Society and used frequently to assist Priestley in chemi- 
cal and electrical experiments The Royal Society also en- 
gaged the attention of the growing engineering profession. 
John Smeaton, who rebuilt the Eddystone lighthouse, began 
the Firth and Clyde canal in 1768, and constructed numerous 
bridges, was a member of its most exclusive club and a regular 
contributor of papers on mathematics, mechanics, astronomy, 
and scientific instruments. William Murdock, chief engineer of 
the Soho Works, won the Rumford medal for his researches 
into coal gas illumination.’^ Even the hard-bitten John Wilkin- 
son, ironmaster of Wolverhampton, kept in close touch with 
the natural philosophers.’® 

“To promote the Arts, Manufactures, and Commerce of 
this Kingdom” was the intention of the Society of Arts, the 
largest and one of the most active of the eighteenth-century 
scientific organizations. Like the others, it was supported by 
private donations. The Society of Arts was founded in 1753, 
and by 1823 its directors had paid out more than £100,000 in 
awards to individual inventors and technicians.’® Every issue 
of the Transactions printed a list ot technological and agricul- 
tural problems and of needed inventions, and a reward was 
posted for the best solution of each, the method being very 
iikt that of a modern competition for advertising slogans. 
Prt miuius were also paid for unsolicited contributions in all 
branches of applied science, the only condition being tliat ever>' 
recipient of a grant must permit the society to publish his 
discovery so that the public might have the benefit of it. 

Encouraging practical science was also the original object 
of the Royal Institution, founded in 1799 under the leadership 
of Benjamin Thompson, Count Rumford. Whereas the Society 
of Arts concentrated its efforts on stimulating the ingenuity of 
the inventor, the founders of the Royal Institution set forth a 
comprehensive program of public education. Its Prospectus 
stated the two chief purposes to be “the speedy and general 
diffusion of the knowledge of all new and useful improvements, 
in whatever quarter of the world they may originate; and 
teaching the application of scientific discoveries, to the im- 
provements of arts and domestic manufactures in this country, 
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and to the increase of domestic comfort and convenience.” 

A journal was to be published and a “mass of instruction” made 
available by means of a library and a technical museum, the 
latter to contain a collection of working models of machinery 
so that engineers and workingmen might have access to the 
latest improvements while .scientists and practical people of 
all classes would have the opportum.'v to profil from each 
other’s achievements. The institution further proposed to fur- 
ni.sh lectures by the most eminent men of science and to provide 
an auditorium completi^ with apparatus and all the facilities 
for popular instruction.'^^ 

The Royal Institution quickly began to take a somewhat 
different course from the one its founders had planned for it. 
Largely by reason of its accidental good fortune in securing the 
.services first of Humphry Davy and then of ^Michael Faraday, 
its facilitie.s (ontributed far more to the immediate advance- 
ment of .science than to technology. Both happened to be e.\- 
cellent lecturers, so tliat the mission of popularization was 
carried out; but the scientific lectures were philo.sophical rather 
than practical in character, and after a few years the managers 
began to supplement them by engaging out'.ide speakers to 
discuss topics of general interest moral philosophy, lifc^ra- 
ture and political economy fseither was knowledge dissc^mi- 
nattsl to ju.st the groups for whose welfare the founders had 
been solicitous. C'ount Ruraford and his associates had origi- 
nally been motivated in part by a spirit of philanthropy and 
had won the support of the Society for Bettering the Condi- 
tion of the Poor They hoped to raise the standard of living 
of the working classes by increasing productivity and lowering 
prices Productivity, in turn, would be greater if artisans vrere 
taught to be skilled techniciams, and then it could be expected 
that they would also be more contented citizens.^''’ But the lec- 
tures to workingmen were never much of a success. They were 
not even seriously tried, and, not feeling bound by the founders’ 
intentions, the board of managers soon forgot about “the u.se- 
fullness of science to the poorer classes and to the common 
purjwses of life.” In 1804, one of the directors described the 
object of the institution as “great and important, not less than 



THROUGH NATURE UP TO NATURE'S GOD 29 

that of giving fashion to science.” A number of critics accused 
the institution of being only a showplace, but this policy suc- 
ceeded on the whole, and instead of disseminating the principles 
of technology among artisans, the institution kept fashionable 
London abreast of the progress of science. 

Nor were the provinces to be outdone. Facilities as elaborate 
as those of the Royal Institution were po.ssibly only in the 
(apital, but after the turn of the century a scientific society 
of some sort arose in almost every county and important town. 
Most of the societies established in London after 1800 grew 
out of the movf'ment towards professional specialization. Those 
in the provinces, however, from the Royal Geological Society 
of ('ornwall (1814) to the Orkney Natural History Society 
(1837), were more likely to reflect the prestige of the idea of 
science among the leisured classes and to be devoted to the 
cultivation of natural history Long after the physical sciences 
had turned into technical disciplines, it was s,till possible for 
d gentleman to set up as a naturalist and to experience the 
satisfaction of accumulating scientific information. This was 
a fashionable thing to do and a rewarding pursuit both socially 
and intellectually. 


4 

At the end of the eighteenth century, the word “science” 
was beginning to displace the phrase “natural philosophy,” and 
though the older term was still occasionally employed until 
late in the nineteenth century, by 1845 or so “science” had 
become the more common designation for the study of external 
nature. This change in terminology was probably not of any 
concrete importance, and no doubt it is to be attributed to the 
imponderable shifts of usage rather than to any fundamental 
difference in subject matter or in method. Nevertheless, changes 
in usage, though they may be the result of fashion, often reflect 
alterations of attitude, and with the qualification that the re- 
marks in the next two paragraphs are intended only as sug- 
gestions and not as definitions, it may be worth while to con- 
sider some of these differences in attitude. To the layman na- 
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tural philosophy has a humane and comprehensive sound, and 
not only because it is in the past; the same was true at the 
time. Most of the new societies, for example, were literary and 
philosophical. The Society of Arts paid premiums to painters 
and sculptors as well as to inventors. Science, on the other 
hand, has taken on somewhat different connotations for the 
layman, who thinks of it as technical, abstruse, and even a 
little forbidding. Today the humanities are ordinarily set over 
against .science — whether correctly or not — and are less often 
regarded as complementary to it. 

Since the middle of the nineteenth century, it has become 
much harder to attach providential implications to the idea of 
science than it formerly was to discover God’s hand in natural 
philosophy. Science is generally thought of as excluding from 
its scope any higher meanings. When it ceases to do so, it 
ceases to be science and becomes philosophy : whereas the older 
term described a pursuit which was itself part of philosophy 
and which could postulate Providence and elaborate a natural 
theology without discomfort. (Before this line of thought is 
carried too far, it should be recalled that providentialism is 
not the only general meaning that can be found in nature, that 
some late nineteenth-century physicists, for example, made al- 
most a religion of materialism, and that there have always been 
scientists who wrote about various higher — or lower — mean- 
ings of science.) Nevertheless, in a rough sort of way, the 
decline of interest in elucidating providential implications from 
nature seems to have borne some relationship to the growth of 
knowledge and this in turn to have been accompanied by a 
shift in terminology from natural philo.sophy to science. It may 
be significant that the term “natural history” retained currency 
considerably longer than the more inclusive “natural philoso- 
phy” — its subordinate branches assumed the dignity of de- 
veloped sciences later than physics and chemistry. And the arm 
of Providence played a part in natural history for some time 
after astronomers and chemists had ceased to invoke its aid 
in explaining their researches, even though many of them con- 
tinued to regard the physical universe as divinely planned. 

In any case, in En^and there was no attack on the idea of 
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divine Providence in nature until the nineteenth century was 
well advanced. In the late eighteenth century the reverse was 
true, and natural theology was widely represented as the higher 
meaning of natural philosophy. It is unfortunate that a number 
of accounts of the eighteenth century identify natural religion 
with rational religion or deism and then go on to describe the 
progress from deism to agnosticism as having been logically 
necessary. Such an interpretation tan properly be applied to 
the growth of skepticism among rationalist philosophcs, but it 
is not directly relevant to the bearing of natural philosophy 
upon religion. In France, many men of science did join the 
attack on Christianity. This, however, was not because they 
were scientists, but because they were part of a French in- 
lolligeiitsia which regarded religion as enlisted in the service 
of a social order that it wished to see changed. In England, on 
the other hand, most members of the intellectual cla.ss were 
well satisfied wdth the general system of society, to which they 
too may have regarded religion as useful, and even Priestley, 
the only important scientist w'ho was a political radical, was 
an ardent Christian Paley was very unlike Holbach, and it 
was Paley. not Holbach, who epitomized the prevailing inler- 
[irelation which English natural philosophers put on their own 
work. 

It 'hould also be remembered that a religion of nature as 
distinct from a leligion of reason had always had some place 
in religious feeling. C. C. J. Webb wrote his Studies in the His- 
tory of Natural Theology without ever coming closer to the 
philosophcs than the middle of the seventeenth century. He 
quotes Baron’s definition of the subject: 

Natural Theology is rightly also called Divine Philosophy. It is 
defined as that spark of knowledge ol God which may be had by the 
light of nature and the consideration of created things; and thus 
can fairly be held to be divine in respect oi its object, and natural 
in resp)ect of its source of information.®® 

This pjoint of view was very widespread among English 
natural philosophers by the end of the eighteenth century; in 
fact, it was almost universal. The Reverend Dr. Samuel Horsley, 
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for example, thought that every clergyman had an obligation 
to possess a knowledge of science and to encourage its develop- 
ment in the universities. Horsley himself was a mathematician, 
a physicist, an astronomer, and a pillar of Anglican orthodoxy 
who later became bishop of Sf. Asaph He denied that a New- 
tonian approach (o icligion required the adoption of a mechan- 
istic image of ultimate reality, and he regarded inertia and 
gravitation as proof of the primacy of spiilt.''' Richard Kirwan, 
an Irish chemist, geologist, and mineralogist, was a follower 
of IJishop Berkeley He thought ‘'the works of nature, as thc\ 
are called,” unreal Nonetheless, they exhibit so perfect a design 
that they offer convincing evidence of an infinite intelligence 
behind them Jean Andre Deluc, a chemist, geologist, and 
phy.sicist, was a (ienevan (''alvinist who had settled in Tvonclon 
He was seriously concerned about the loss of faith which fol- 
lowed upon rationalistic disbelief in revelation, but he was very 
optimistic about the* potentialities of scientific study of nature 
as an instrument of Cluistian rehabilitation'" The religious 
convictions of Sir John Pringle, sometime president of the 
Royal Society, were an illustration that Deluc ’s idea actually 
worked in at least one case Pringles biographer and editor 
describes him as having resol v«'d all his doubts about (Chris- 
tianity by applying rigorously Baconian method-, to the evi- 
dence of scrijitural revelation Sir William HerschePs doc- 
trines regarding the condensation of nebulous matter were once 
described as tending to irreligion, and though his son thought 
the charge "lontemjitible,’’ he took care to refute it- 

My Father so far from contemplating such consequence-, w'as 
a sinceie behevet in .ind woishipper of, a benevolent, intelligent 
and supeimtendirig Deity, whose glory he conceived himself to be 
legitimately forwarding by investigating the magnificent structure 
of the Universe 

Heischel never, it is true, committed himself in any detail 
on the subject On one occasion, Wilham Knox, a retired Under- 
secretary of State, wrote him to inquire about the physical 
location of the “place of the Assembly of the 10,000 times 
ro.ooo Angels who we are told surround the throne of the 
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Deity — We have local descriptions of Heaven and of Para- 
dise . but in what part of Space are we to look for them?” 
Herschel’s reply corrected some of Knox’s astronomical cal- 
culations, but he was unable to answer the question: “An at- 
tempt to assign ‘a space for the seat of bliss or the assembly 
of angels’ does not fall to the lot of astronomers.” Of all the 
natural philosophers of this period, Erasmus Daiwin is the one 
who has most frequently been oiled an atheist, but he was in 
fact a thei^t who, though he disbelieved in revelation, fully 
a(cej)led (jod as the crealot of the universe In one of his odes 
he inqu'ted. 

Dull atheist, could a giddy dance 
Of atoms lawlessly hurl’d 
("onstiuct so wonderful, so wise. 

So harmonised a world? 

Indeed, the only contemporary scientist who seems not to have 
shared the lonventional inspect for the providential character 
of nature w as Henry (’a\ endish, and he was simply indifferent 
Bacon had never claimed more for his “Divine Philosophy” 
than that it could supplement divine revelation, from which, 
he had urged, it should be kept separate As to revelation, 
natural theology followed Bacon rather than Erasmus Darwin, 
alth(»ugh the distinction between the two modes of attaining to 
knowledge of Clod sometimes bc''ame more blurred than Bacon 
would have altogether liked The study of the divine was usually 
set out in the phrase “natural and revealed religion.’’ The 
weight accorded to the natural and revealed aspects varied with 
the individual, but very few denied the importance of revela- 
tion ev'en when attachment to it was a matter of lip service 
lather than of conviction Priestley, for example was a believer, 
a passionate believer, in revelation, but he allowed that it might 
-be more convincing to begin the argument for a deity “a pos- 
teriori, finding that, in consequence of :he actual existence of 
beings that must have had a cause, there must have been some 
being that could not have had a cause.” 

With respect to both natural and revealed religion, all that we 
have to do is to consider whether actual appeatances and known 
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]acts, can be accounted for on any other hypothesis. In natural reli- 
gion the appearances to be accounted for are the constitution and 
laws of nature. In revealed religion, they are certain historical facts, 
as indisputable as any natural appearances. They are the belief of 
the miracles of Moses and of Christ, and that of his resurrection, in 
given circumstances.®® 

This was .somewhat different fron> the devotionalism of 
seventeenth-century scientists Priestley was unconsciously ac- 
knowledging that the persuasiveness of revelation was con- 
tingent upon the demonstrability of a divine hand in the law.s 
of nature In religion, thought Priestley — and with him many 
other people — the use of natural philosophy was to point to 
the universe and its creatures in order to demonstrate two 
things which, for a Doyle, would have needed no demonstiation 
first the existence of a Creator, and second, the continued 
.supervision of affairs by a divine intelligence. In Priestley's 
hands natural theolouy was more aiiologetic in tone than it had 
once been The fact that mateiialistic and atheistic ideas ex- 
isted had, of coutse, been realized for a long time in England 
John Harris was woirying about if c'\cn betore the end of the 
seventeenth centuiy, and later both C otes and Maclaurin rushed 
\ewton into the breach against ‘the Ehorts and Assaults of 
Atheists ' but tie* doctrines they vve^'c concerned about were 
so widely refuted in England that, if the literature were taken 
at its face v-alue, it would .seem that e.xcept for Hobbes — and 
in Piiestley’s time Hume and (Jibbon, perhaps — all the atheists 
were French On the occasion of a visit to Paris Priestley de- 
.scribes himself as having been prepared for the .state of un- 
belief among philosophers tliere; and, indeed, they seem to 
have been more .shocked at his being a Christian than he at 
their skepticism.'*-’ He deplored the tendency they represented, 
however, and was relieved that it was not very strong in Eng- 
land.'*’ The roots of unbelief, he thought, weie ‘‘either a mis- 
understanding of the nature and object of revealed religion . . . 
or an inattention to the nature of its ev idence And summoning 
all natural philosophers, who already “attend with rapture to 
the voice of nature,” further to “raise their thought beyond 
this, to the Author of nature,” Priestley set out to establish 
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revelation, ‘‘that religion which alone teaches the doctrine of 
a future life** by means of “those rules of philosophizing which 
have the sanction of all our experience.”"* His Letters to n 
Philosophic Unhclitvcr were calculated to reconvert rational- 
istic athei'.ts to C'hristianity by applying the methods of nat- 
ural science to the evidence. This did not seem an inappropriate 
project for a scientist in Priestley’s generation. 

In the late eighteenth century, utilitarianism was becoming, 
as Halevy says."’* the language which clothed all shades of 
oj)inion in England. Priestley is frequently described a.-v having 
provided Bentham with the inspiration for the greatest happi- 
ness principle, and though his religious convictions were \ery 
different from Bentham 's and his political position the o[)[)ositc 
of Paley’s, Priestlej’ otten sounds like a conipound ol the two 

The more we see of the wondeiful structure of the world, and 
of the laws of nature, llie more clearJv do we compiehend their ad- 
niiialile uses to make all the percipi-rit 0 cation happy . . And 
as tine jihilosophy tends to piomotc F‘icly. so a generous and manly 
piety is, reciprovally ^ub'■.ervient to the put poses of philosoiihy."'* 

And 

ill sides, the man who l)elie\es that theie is a governor as w'ell as a 
maker of the world (and there is certainly equal rea-on to believe 
both) will acknowledge his providence and favour at least as much 
in a suc( essful pursuit of knowledge, as of wealthy^ 

In order to be convinced of (lod’s moral excellence, we have 
only to contemplate the utility of his material beneficence, 
and our duty is to take ad\.intage of both. 

Aichdcacon Paley did not originate the interpretation of 
nature with which he supplemented his Principles of Moral and 
Politieal Philosophy By the time he sal down to write out 
his Natural Theology; or. Evidences of the Exist '•nee and 
Attributes of the Deity collected from tin Appearances of Na- 
ture f''' all the ideas and valuc.s he set forth were already floating 
about among the religious assumptions of natural philosophers 
themselves. In his hand.s, however, natural tlieology became 
peculiarly insistent in its illustrations. Its apologetic character 
was fidly developed, and large social inferences were drawn 
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from the course of nature. In Moral and Political Philosophy, 
Paley had exerted himself to provide the greatest happiness 
principle with a providential sanction in order to bring utili- 
tarian arguments to the support of the established structure of 
society. Like all utilitarians, he was scornful of the idea of a 
social contract. Instead, “rejecting the intervention of a com- 
pact, as unfounded in its principle, and dangerous in the appli- 
cation, we assign lor the only ground oi tlie subjects' oldiga- 
tion, the will of God as collated from expediency.” Exjiedi- 
ency. in the sense of planned contiivance, is the key to all of 
Paley’s thought. The way to And out the will of (iod is to And 
out what works' since it works, God must have intended it to 
work, and it is, therefore. His will. 

Paley de.scribed hi'- Moral and Political Philosophy as a 
“work, that, in many of its parts, bears no obstuie relation to 
the general piinciplcs of natural and revealed relicion, ’ and 
he devoted a section to outlining man’s duties to God. The most 
important, Paley thought, and the one most pleasing to God w'as 
“that silent piety, which consists in a habit of tracing out the 
creator’s wLsdom and goodness, in tho objects about us, or in 
the history of his dispensations ’ \icordiiigl> , he sjicut his 
last years writing his Natural TIuoloc'y. “As a divine,’’ re- 
marked one of his early editors, “the great aim of Dr Paley’s 
labours was to maintain the authority of the gospel, as an au- 
thentick revelation, and to enforce the practice of virtue by the 
sanctions of a future life ” Natuial Theolot'y was the key- 
stone of Paley’s entire philosophy. Morality being based solely 
upon the reward of happiness in heaven and the safety of civil 
society upon an appreciation of its providential basi.s, it re- 
mained only to demonstrate the existence of J’rovidence itself 
and this could best be done from the evidence of purposeful 
and benevolent contri\'ance in nature, evidence which Paley re 
garded as overwhelmingly convincing 

There cannot be design without a designer contiivance without 
a contriver, order without choice, arrangement without any thing 
capable of arranging, oubservicncy and relation to a purpose, with- 
out that which could intend a purpose; means .suitable to an end. 
without the end ever having been contemplated, or the means accom- 
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nodated to it. Arrangement, disposition of parts, subserviency of 
Tieans to an end, relation of instruments to an use, imply the pres- 
ence of intelligence and mind.'®^ 

Paley draws most of his particular illustrations from anat- 
omy, and there is no need to follow him into detail, though it 
is sometimes tempting to do so — as, for instance, when he 
demonstrates the superiority of the divine over the human con- 
triver’s skill: “It is the ntost difficult thing that can be to get 
a wig made even; yet hoiv seldom is the jacr awry!” In sub- 
stance. the argument runs that God must exist and must be 
good because the universe is itself one vast design, composed 
of an infinite complex of subordinate expedients, all intended 
to work just as they do work with the ultimate object of pro- 
moting, so far as may be. the happiness of ( reated beings and 
above all of mankind. “Nor is the design abortive. It is a happy 
world after all. The air, the earth, the water, teem with de- 
lighted existence.” The only objection that occurs to Paley 
is that at first glance it might seem as if God had frequently 
made difficulties only in order to overcome them. Vision, for 
example, is a frightfully complicated process. Why could not 
the Deity have simply let animals see, without all the intricate 
apparatus now required? “(.'ontrivance,” Paley admits, “by its 
very definition and nature, is the refuge of imperfection.” 
There is, however, a reason even for this aspect of nature, and, 
when put in its proper light, it is a compelling one. God could 
have arranged things far more simply and directly, but part of 
the purpose of nature is to let us know that "He exists. In order 
to convince us of His existence. He has often chosen to employ 
what might otherwise look like roundabout makeshifts. “It is 
in the construction of instruments, in the choice and adaption 
of means, that a creative intelligence is seen.”’®*^ If things 
were too simple, we might not perceive the 'kill that had gone 
into them and the will that directed them, and we might attrib- 
ute them to some self-sufficient principle of order instead of 
♦o a personal, planning intelligence. Astronomy, for example, 
is not the best starting point for natural theology because the 
movements of the planets are too perfect and complete in them- 
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selves, though once the existence of God is demonstrated from 
other materials, the mechanism of the heavens serves to give 
us a more exalted appreciation of His sublimity.^®® 

As a machine, then, for the production of human felicity, 
the universe is the best advertisement i}o<-sible for the existence 
and the character of its maker. There are, however, conditions 
which must be obser\'efI in order to secure the full measure of 
the product. The world i.s so constructed that perfect happine.ss 
i.s not possible on earth. The Malthu.Man law, for example, Ls 
inexorable. P'quality of wealth or of station is as contrary to 
the nature of things ,as equality among the various species. 
Enjoyment of the blessings of property, the chief source of 
social well-being, is not equally available to all. Obviou-ly, 
then, our mortal life is designed a« a probationary {)eriod under 
the supcrvi.sion of a ruling Providence, and in order to secure 
total and per})etual felicity, wo must ai quiesce in it.s dispen- 
->ation‘' The role of Pro\idence would, Paley felt, be mean- 
ingles«> if it were n(tt connected with our immortal hopes. In- 
deed, it is the very impel fee tion of earthly existence which 
avsiires u.'^ that the opj^ortunity for eternal enjoyment exists 
The con.stnicti(>n of nature proves that there i'' a God who 
intends our happini'S'-., and since it is only partially prodded 
foi here below, it must be fullv available in a future state 
\11 this, in raley'-- opinion, make,-' the Ghristian message not 
only plausible but emipenlly credible. Ome our contemplation 
of nature has as-'Urc'd us of the exi.stc'uce of God, wc* are w’ell 
(lisposcxl to pay attention to His words: 

The e.xistonce and rhiiracter of the Deity is, in every view, the 
ruo.st interesting of all human .speculations. In none, however, is it 
more so, than a.s it facilitates the belici of the lundamental articles 
of Revelation. It is a step to have it prosed, that there mu.st be 
something in the world more than what we see. It i.s a further step to 
know, that, among.st the invisible things of nature, there must be an 
intelligent mind, concerned in its production, order, and support. 
These points being a.s.sured to us by Natural Theology, we may well 
leave to Revelation the di.sclosure of many particulars.^^^ 

It is somewhat unfair to Paley to quote him. There have 
been few philosophers whose temper or intentions were better 



THROUGH MATURE UP TO NATURE'S GOD 


39 

or whose honesty was more transparent. He had no exalted 
illusions about hu’nan nature, and — except for Natural The- 
ology — his writings often display an incisive and arresting 
common sense. His explanation of the course of nature has 
been stood on it.s head so completely by the acceptance of evo- 
lutionary theories that it now seems almost a caricature rather 
than a sample of a framework of opinion, but this is partly 
because no one else had succeeded in making the explanation 
as clear and e.xplicit as it was in Paley. His book highlights, 
it does not caricature, the essential features of the providential 
interpretation of the creation. Few scientists, it is +rue, were 
ever as literal in their theology or teleology as Palev was, nor 
were they as intent about such questions. Paley abstracted his 
attitude from a pattern of assumptions underlying the work of 
pco])le whoie own interests were concentrated primarily on the 
work itself, and his importance is that his elaboration of the 
pattern puts the assumptions common to his time in a pecul- 
iarly naked light The lucidity of his interpretation was not be- 
clouded by first hand knowledge of the subjects on w’hich he 
based it, and he w'as far from original — even the famous illus- 
tration of the w'atcii and the watchmaker was not his own in- 
vention. Never thelcss, Paley’s influence is apparent in the fact 
that In'- is the name most often attached to the view that pver>- 
thing in nature was designed as a means to the end we see it 
accomplishing. After his death he achieved, as someone has 
said, the distinction of becoming not a man but a subject, like 
Euclid or Cicero. 

Like most contemporary philosophers, Paley ba.sed his 
arguments on the constitution of thinga rather than on their 
development. There is no historicism in his Moral and Political 
Philosophy and no geology in his Natural Theology, and the two 
books are good illustrations that a sense of history was as un- 
characteristic of utilitarian political philosophy as a sense of 
evolution was of eighteenth-century natural philosophy. So long 
as natural philosophy was devoted to the construction of nature, 
natural theology emphasized design. Geology, still in its early 
infancy in Paley’s time, was the first science to be concerned 
with the history of nature rather than its order, and the subject 
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of the later chapters of this book, therefore, may be described 
as arising in part out of the attempt to render the Paley point 
of view historical. That its historical character made geology 
a different sort of science was appreciated from the beginning 
of its development. Doubts were sometimes expressed as to 
whether it could properly be called a .science at all. Since the 
geologist, like the historian, had to rely largely on ancient 
relics and monuments of change, his conclusions were thought 
to be debatable in a way that those of the pj.ysicLst, for example, 
were not.’*" 

Not only was interpretation of the geological record an un- 
certain matter at best and hence a fruitful field for di.sagn'e- 
ment, but .some of its larger implications also made the subject 
peculiarly liable to controversy in its early days. When the 
universe was thought of as having been much the same since 
its creation, the (jiicstion of the Creator’s control of events, 
though it occasionally arose, was not a very pressing one. When, 
however, the course of nature had to be considered as both a 
proce.ss and a blueprint, and when, therefore, the subject of 
.science was the history of nature together with its .structure, 
the Issue of providential supervision became correspondingly 
more difficult for scientists who wished their work to bear 
continuing witness to the Deit\ s role. Elucidation of the divine 
plan now required a dcmon.st ration of how' natuie was gov- 
erned and not simply of how it was balanced. The burden of 
this demon.st ration fell on the de.scriptive .science's w'hich, w’ith 
geology in the van, were emerging from natural history; and 
this happened at a time when the physical sciences were, in any 
case, passing over into the status of .specialized discipline.s 
neither suited to nor much interested in further elaboration 
of natural theology. 
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I 

A (iiRMAN ‘'(.HOLXR onrc dt-^c ribed the period from 1790 to 
1820 a ■> the ‘‘heroic age of geology, ’ “ b(*cause it was then that 
painfully organized observation began to take the place of 
original speculation James Hutton s Theory 0} the Rarih, pub- 
lished in 1 79s, is the earliest comprehensive treatise which can 
properly be considered a gtxilogical synthesis rather than an 
imaginative exercise ^ tor centuries, of course, people had been 
writing about the earth, its origins and its history ‘ But this 
literature was fanciful in content and probably in intent. What- 
ever observations it included were controversial and undigested 
and could be fitted well enough into whatever conceptual frame- 
work had captured the author's fancy. More often than not the 
details of the Biblical account of creation were corroborated 
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and extended by collating them with natural appearances. Such 
an objective was not, however, the distinguishing characteristic 
Buffon, the relation of whose system to Genesis was very at- 
tenuated, was often as imaginative as the generally orthodox 
Burnet. It was in its essentially speculative ends, not in the 
orthodoxy of its theological implications, that cosmogony dif 
fered from scientific ecology.'’ Indeed, for a time geology was 
mote authoritatively orthodox than its predecessor. 

The rosmogonists did, to be sure, stimulate considerable 
interest, and tliey acrumulated a great deal of incidental in- 
formation. In addition, the eighteenth century had produced 
a few geological pioneeis who had devoted themselves to amass- 
ing observations - men like Peter Simon Pallas, Horace Bene- 
dict de .^aus>ure, S G de Dolomieu, and John Michell.'* Con- 
sequenth there was a reasonably extensive basis of knowledge 
when the srieme of geology emergefl from the struggles of the 
Xeptunists and the Vulcanists the names taken by the con 
tending schools which gave it lurtli. 

U might b« well to take a sunimaiv view of current opinion 
on what were to be the chief heaiK of disagreement not only 
in the Neplunist-\’ultani>t di-pute but foi the next half cen- 
tury or more By Ihii time that is to say around 1700, the 
(nigm of fossib was no lone^r a nial’ti of serious debate 
These cuiio-ilies a( rt ieiogni?(d as die rt^idues of living crea- 
ture-, hut they w.tc mil the obiett of anj partivnlar attention, 
stienlii'u or othtiwisi \’oah’- flood probably accounted for 
1 heir prt -cm e in the mountain toj)- and there the matter rested. 
'I'here was no oncstion about the hisiorital reality of the flood 
When the histoiv ('f the eaith began to be considered gco- 
logi-'afly. It was simi>l\ assumcvl that a universal deluge must 
have wntught \«ist ehanges and that it haei been a primary agent 
in forming the present surface of the globe. Its occurrence wa.s 
evidemce that the Lord was a governor as well as a creator. 

The flood, a conceivable event, loomed larger and more 
clearly than the creation. Yet, the notion of God’s having 
brought the world into being in something like the fashion 
described in Genesis was not generally impugned. The accepted 
time span since creation w'as still around six thousand years. 
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though there was beginning to be some doubt whether this was 
long enough. Whenever the question arose, however, it was 
opposed that this chronology might be referred to the deluge 
rather than to the origin of the world. In any case, the earth 
was allowed no very great antiquity. The antiquity of animal 
life depended on whether one postulated a single, all-sufficient 
act of creation or a series of special creations as the necessity 
arose for new forms of life. Both views were held, and the 
latter reserved mankind for a comparatively recent beginning. 
Animal and vegetable species, of course, were absolutely im- 
mutable and permanent, each created in its present image; 
suggestions otherwise were regarded simply as Hights of fancy. 
All these point:> were inextricably involved in the ditferences 
of scientific opinion, however resolutely the early geologists 
might claim to have derived their theorie.N from the rocks. In 
the Vulcanist-Ncptunist debate, the antiquity of the earth was 
the issue that transformed a discussion among scientists into 
a dispute between zealots, even though the ostensible difference 
between the two schools centered around the primacy of heat 
as opposed to water in the formation of the crust of the 
earth. 

I'he founders of Neptunist geology, or geognosy as they 
preferred to stjle it. were disciples and students of Abraiiam 
(lottlob Werner, professor of mineralogy at Freiberg in Saxony. 
I'he Vulcanists, who made little headway until after 1810 or 
so, owed the cast of their ideas 10 the theories of Dr. James 
Hutton of hidinburgh. Hutton insisted upon confining the 
attention of geologists to earth dynamics, and he deplored any 
attempts to account for the origin of the prot e.'jses which could 
be observed in current operation. Werner’s .synthesis, however, 
seemed to explain everything that had happened since the 
deposition of the earliest rocks, and it did so in a fashion which 
could easily be referred to the supervision of a providential 
agent. 

One of the curious features of the discussion was the com- 
parative silence of the founder of each school. Werner himself 
publishea almost nothing and was so depre.ssed at the thought 
of literary effort that he would not even answer letters, but he 
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seems to have been a fine teacher whose generous enthusiasm 
and devotion to his students inspired their lifelong loyalty and 
affection.’ In Britain the ablest of his pupils was Robert Jame- 
son, professor of natural history in the University of Edinburgh, 
whose presentation of Wernerian thought was the focus of 
British Xeptunist geology. Unlike Werner, Hutton did publish 
his ideas. Hi^ literary style, however, was so prolix and tortuous 
that his work might have fallen into neglect had it not been 
for the virulent opposition of the Werneri m.s on the one hand, 
and on the other the popularization of his theory by Profo.ssor 
John Playfair.'* 

The Xeptunist synthesis explained stratification by pos- 
tulating that all rotk formations had been j)recipitated, cither 
(hemically or mechanically, from an acjueous .solution and sus- 
pension. Originally this briny bath had covered all the earth, 
and ev{‘n the highest mountains had been btmeath it Werner’s 
< lassifnation of mineralogital observations led him to suppose 
that this deposition had taken p1a(e in five well-defined stages. 
The first formation suite ha<l originated during the earliest 
period of earth history, when for some unexjilained rca.son the 
"primitive ’ rocks -- granite, gneiss, porphyry and .so forth — 
crystallized out of the chemical solution in which the primeval 
deep had held them. Next cane “ttansiiion strata,” .some pre- 
cipitated clu'mically (slates and shales), and some mechanically 
( "grey wacke” ) I'ish were created in this epoch. In the third 
stage th<> waters began to recede, laying bare certain areas of 
the land and again inundating them. DLstuibances alternated 
with fjuiet disposition. Mammals put in their appearance during 
this period. Many of the "Fhitz’’ or "secondary” rocks (lime- 
stones. sandstone, chalk, basalt, and so forth) had been built 
up of fine jiarticles torn from the slopes by receding torrents. 
In the fourth stage, these cataracts and the winds they produced 
gave rise to "alluvial,” "derivative,” or “transported” strata 
(clay, sand, pebbles). And lastly, in the fifth phase, after the 
waters had disappeared from the present continental areas, vol- 
canic activity produced localized lavas, tuff, and other such 
deposits. Volcanoes were a late, post-aqueous phenomenon, in- 
cidental only and activated by ignition of coal deposits. In 
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general, however, the earth was girdled in layers of rock as 
uniform as the leaves of an artichoke.® 

The objections to this conception are so obvious that it is 
difficult to understand how responsible geologists could ever 
have accepted it. The facts which eventually overthrew it bad 
not, of course, been studied as thoroughly a.s they have since 
been, but, even so, contemporary opponents were able to iwint 
to a ma.ss of evidence which the theory could not satisfy. For 
one thing. Werner attempted to explain the entire surface of 
the earth in terms of what he had observed in the Hartz district 
around Freiberg. Elsewhere (and even in the Hartz in some in- 
stances ; strata existed in which the mineralogical order simply 
w'as not in accordance with his sequence of deposition. Even 
more seriously, overthrust formations frequently exhibit older 
strata piled on top of more recent rocks, and this is true whether 
age is classified by Werner’s mineralogical criteria or by modern 
paleontological indexes The Xeptunists could not explain why 
some strata .should have been laid down at angles to the hori- 
zontal ( as they held to have been the case), or why the strata 
inclined at angles of more than 30", which they regarded as 
the result of .secondary faultings, .should have been folded up 
as w'ell as down. Neither could they account for formations in 
w'hich horizontal strata rest unconformably on bent and folded 
layers of rock. Since the foremo.st evidence for the theory was 
the cry.stalline character of primary rocks (it was then thought 
that materials solidifying from fusion never assume a crystal- 
line structure), it was necessary to suppose that volcanic lavas 
and slaggy scoriae had originally been precipitated from solu- 
tion and subsequently melted and ejected by volcanic action. 
There was no explanation of how or why they were melted or 
of how it happened that volcanic rocks, particularly basalt, 
occur in regularly defined formations far removed from any 
known volcano. Basalt, indeed, was the most inconvenient 
stumbling block Werner faced. Its presence in the volcanic 
districts of Auvergne, together with the fact that its frequently 
columnar .structure argues solidification from a molten condi- 
tion, was the crucial evidence which, once admitted, weakened 
the allegiance of many of his followers. Finally, it staggered 
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the non-Wernerian imagination to think of the amount of water 
which would have been required to hold in solution all the 
practically insoluble rocks and ores of the crust of the earth. 
Even granting the water, however, where did it go? And once 
having gone there, why did it come back in successive inun- 
dations? 

These objef tions were made at the time. The Wernerian 
system had certain advantage's, however, not all of which were 
scientific It was beautifully simple, and hat. taken together 
with Werner's inspiiational personality, attracted a large num- 
ber of students to the subject. They were all imbued with Wer- 
ner’s own passionate delight in minute stratigraphical observa- 
tion and classification. Like their master they were apt to be 
gciod mineralogists, however bad their geological theorizing, 
and their energetic interest sent them out from the mine school 
at Freiberg to accumulate a mass of information which out- 
lived it-, faulty interpretation.’® 

The appeal of Xefitunism i^ easier to understand than its 
accefitability Its simplicity of course, accorded well with the 
general theological argumcnit from design. The Nc'ptunists, 
nioreovei dealt with the ori'gin-. of the habitable globe if not 
of the earth itself, and thev never denied the possibility of cle- 
scnbmg foimative processes >'or did they make excessive de- 
mands for time* ithin i eason one could suppose the rock strata 
to have been deposited as long ago or as recently as one pleased 
There had been, obviously, a great deal of water indeed, enough 
for any number of floods. In fact the Flotz strata required suc- 
cessive inundations Living lorms postdated primary rocks, and 
when they appeared they did so in the order of Genesis; fish, 
mammals, man Such tremendous fluctuations of the waters 
must have wiped out hordes of individuals and many species 
and genera, with the result that modern forms of life might 
\ve*ll represent distinct creations 

The Vulcanist theory offered no such advantages “We 
find,” wrote Hutton in a moment of unwonted clarity, “no 
vestige of a beginning, — no prospect of an end.” " His 
Theory of the Earth was almost a misnomer, for its outstand- 
ing features were a resolute refusal to speculate on origins and 
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a rigorously empirical approach. Past events can be described 
only by inductive analogy to processes which we are able to 
observe occurring in the present and by the evidence of the 
resulting formations. The crust of the earth, declared Hutton, 
is composed of two sorts of lock, one of igneous and the otlier 
of aqueous origin. The primary igneous rocks (for example, 
granite, porphyry, and basalt) usually underlie the aqueous, 
except where upheavals have produced overthrust formations 
and where molten dikes have intruded Iron) below. Weath- 
ering and erosion are constantly depositing a fine silt of sand- 
stones, limestones, clays, and pebbles upon the ocean bed. 
There nust always have been — there must still be — some 
agency which transformed these loose deposits into the solid 
rocks we see about us. Now this agenej- must have been heat; 
it could not have been water, because the material which 
cements sedimentary rocks is manifestly insoluble. On the 
other hand, most strata contain intermingled siliceous and 
bituminous materials which will fuse in a high heat Hutton 
pointed to his friend Joseph l*lack’.>. experiments which had 
demonstrated the abnormal effects of heat acting under high 
pressures. The inten.se heat of th»* subsurface, acting under the 
enormous pressures there pre\ ailing, explained the consolida- 
tion of rocks which, had they been fused at atmospheric 
pressure, would have been altered in minoralogical composition 
by the loss of their carbon dioxide. 

The expansive power of this .same heat mu.st have uplifted 
the present land areas after the consolidation of strata under 
the ocean floor. This hypothesis accounts, as the Wernerian 
could not, for bent and tilted strata and for the fissures into 
which molten rock and ores were extruded from below. Vol- 
canic activity has always been an integral part of crust dy- 
namics. Occasional eruptions are safety valves preventing too 
great an upthrust. Much of the primary rock had come from 
such volcanic action — subterranean lavas, which had never 
reached the surface, but had spread out and hardened under 
the seas or under other rocks. Hutton’s process was not a past 
occurrence. It continued in operation. Even now rocks are 
being consolidated at vast pressures under oceans and beneath 
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the bottoms of the seas. Even now some lands are rising while 
existing momitains are worn imperceptibly away.^’ 

Hutton’s theory accounted, on the whole, for phenomena 
which the Wernerians had to deny, ignore, or explain by pos- 
tulating events that were at be.st improbable. Besides this, 
however, he and his followers offered a number of positive 
arguments. The unstratified character of many granitic accu- 
mulations indicated solidification from a molten condition: 
and the intermixture of limestone fragme’^its in granite dikes 
was best explained by supposing the dikes to have been ex- 
truded into fi.s.sures while in a state of fusion. Rocks of similar, 
and often of identical, mincralogical character occur in widely 
separated strata. The existence of the reniain.s of terrestrial 
vegetables and land animals in marine* depo.sits argued that 
the.se materials had once bc'eii above the seas, and recent in- 
ve.stigat ions disclosed undeniable traces of rising coast lines in 
Scotland, Sweden, and elsewhere. Most important was the cur 
rent evidence for inces.sant denudation of land .surfaces: at- 
mospheric weathering, chemical dc'coniposilion, attrition of 
the* .soil by the mechanical and chemical action of water, the 
continuous transportation of cietritus towards the .sea, and the 
steady silting of the bcsls of seas, oceans, lakes, and rivers 
The* wc'alth of evidence whic'h Hutton ;ind Pla>fair worked 
into their presentation must have* made* it very difficult for 
re.s])ectable geologists to resist a view that af'corded so well 
with the facts '•’* Resist, howc'ver, Ihc^y did. for more than 
twenty years. But more important in Vulcaiiism than particu- 
lar points of evidence was the modern .and forward-looking 
effort to conceive dynamics in accordance with observable 
fact and to restrict geology to no larger function. Certain 
consc'quences of Hutton’s views became immediately ajiparent. 
Most obvious was the vastness of gc'ological time wliich his 
theory demanded. No observed change had taken place in all of 
recorded history. Throughout how many inconceivable ages, 
them, must this endless rising and falling of continents have been 
proceeding’ T)r. Hutton offered no evidence for a creation, and 
no denial of it either; he simply had nothimr to say about it. 
Life, however, had to be very ancient, as old as the rocks 
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which preserved its residues, \nd the whole concept hung 
upon the proposition that the cumulative effects of minute 
forces and infinitesimal changes can produce results equal to 
those of any sudden cataclysm and (though this last was never 
stated) superseding the necessity for any di\me interven- 
tion. 

Before this geological debate arose. Joseph Priestley had 
once remarked that it was needful to keep in mind “the great 
final cause [by which he meant ultimate purpose] of all the 
parts and laws of nature” in order to gain some clue by which 
to trace efficient causes. “This is most of all obvious,” he 
had written, “in that part of philosophy which respects the 
animal cication.” ** The more passionate Wernerianr were of 
Priestley’s generation, and like him they took a large, univer- 
salist view ot natural philosophy. A detailed aeccumt of two of 
them will bring out the aversion which the Vulcanist ideas in- 
spired. Both Richard Kirwan and Jean .\ndrc Deluc were able 
and respected naturalists. Both have leal accomplishmeiits to 
their credit Kirwan, however, exhibited the extreme in theo- 
logical obsession, while Deluc expressed an early and a limited 
attempt to come to terms with nature, although on liis own 
conditions. 


2 

Richaid Kirwan, president of the Royal Irish Academy 
from 1709 to 1810, was among the earliest and most widely 
read Ncptuni.st geologists to take up the cudgels in opposition 
to Hutton’s Tfuory oj the Earth. In his day he was a well- 
known scientific figure, whose interests had led him info many 
fields.’’’ As a 30ung man Kirwan had conducted extensive 
determinations of the forces of chemical attractions, and, 
despite errors, his concepts turned out to be useful when ex- 
perimental technique had developed sufficiently to make accu- 
rate measurements possible. In 1782 his researches along this 
line won him the Royal Society’s Copley Medal. 

In those early years Kirwan had been one of the foremost 
proponents of the phlogiston theory. In 1 787 he published his 
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Essay on Phlogiston, fondly imagining it the definit Ve woil: 
But he was capable of being dispassionate on a purelj' scientific 
matter. Madame Lavoisier translated his Essay into French in 
order to call forth refutations/® and it did so with such effect 
that even Kirwan was convinced.^® He was, too, a recognized 
mineralogist, holding appointment as His Majesty’s Inspector 
of Mines in Ireland.®® Robert Bakewell, a Vulcanist whose 
scorn for Wernerian geology was exceeded by few, admitted 
that "Mr, Kirwan may be justly regarded as the father of 
British Mineralogy.” Kirwan ’s first geological venture v.’a<. 
an article published in 179^ attacking Hutton’s earliest outline 
of the Vulcanist '’iew.s.“ This at least served the purj^o^e of 
eliciting Hutton’s complete two-volume synthesis in 1795.®'* 
Kirwan’s rebiiflal, entitled GcoJoghal Es'^ay’;, appeared in 
1 790 and fairly joined the issue.'*'* 

In view' of Kirwan’s re^jiectably unspectacular chemical 
and mineralogu a 1 work, the trans]),irent special pleading 
which characteri/cd his geology' is almost more surprising than 
the serious attention he leceixod To be ‘■ure. he possessed ;in 
Irish gift of ilollnng niudd> thought in admirably lucid iirose, 
in contrast to Hutton s gtMiius for obscuring the es^cmtial sim- 
plicity underKing tin* T/ttOfv of Ha Eittli But even so it i*' 
necessary to peisuatle oiieseit that the (froloeual I’A'^ovs arfu- 
alJy were piopoundcrl and accc'pt^'d as a '.erioiis scientific e\- 
jKisition. .So they wer<\ Jiowever and so they must be read Tl'e 
function of geology, Kirwan announced "cradnutt s into ic*li- 
gion, as this does into morality ” ■ ’ The s,_ience must of neces- 
sity concern itself with the origin and development of the 
globe, because the' [uesent state of things depends complc'tely 
upon c'venls gom' by “Morc'over recent evperience has shown 
that the obscurity in which the |)hiloso]»hical knowledge of 
this state has hitherto been inv'oKc'd, has proved too favour- 
able to the structure of various systems of atheism or inlidelity. 
as the.se have been in their turn to turbulence and immorality, 
not to endeavour to disfiel it by all the lights which modern 
geological researches have struck out ” Kirwan, it may be 
r'’markod. .shared Burke’s distaste for the principles cxiiressed 
in the French Revolution, though he seems to have thought 
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views more likely .0 result in a Bri.ish r«s.act,ueu, 

than Tom Paine s. closely to the approved logic of 

indartirLSpSism. He would attribute no effat to a c^ 
“whose known powers are inadequate to its production. Nor 
would a cause be adduced “whose existence is not provM 
either by actual experience or approved testimony.” But, it 
soon turns out, by that “appioved testimony,” so casually In- 
troduced, hangs the tale. How absurd, thought K/rwan. to 
maintain that it ir. a philosonhic necessity that we must remain 
ignorant of the origin of Ihe earth. By the same argument — 
that is, t-y a refusal to accept valid testimony r northern 
Europeans would be unable to believe in the existence J earth- 
quakes. Similarly, wo could know nothing more of (Ireecc than 
the broken remnants of her statues. When a man describes an 
incident, if one then discovers by an independent investigation 
that the incident hapi>cned, one does not care how the man got 
his information one agrees that he is right. In like fashion 
there is no reason to suppose the circumstances surrounding 
the creation of the world unsusceptible of testimony, with the 
trifling exception “at the first blush sufficiently plausible, 
namely, that their existence preceded that of the human 
s[)ecies ’’ "J'his is no real objection, however, for if in the .sacred 
writings the “primary source cannot be human, it must have 
been supernatural, and most assuredly worthy of credit even 
in such in.stancei as have not a.s yet been corroborated by 
ob.servation, or perhaps are incajiable of such additional 
proof.” Independent geological inve.stig.ation has derived so 
complete a picture of the creation that we must agn^e with any 
account confirming it, how'ever deduced “Now .such an account 
of the primex'al state of the globe and of the principal catas- 
trophe it anciently underwent, 1 am bold to .say Moses presents 
to us, and 1 make no doubt of demonstrating in <he following 
Essays.” 

The empirical part of the essay consisted of a rehash, in 
broad outlines, of the Wernerian sequence of formation suites, 
supported by an array of citations to the observations of ob- 
scure geologists, impressively intercalated in the text after the 
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manner of a medieval bestiary. Having outlined the Neptunist 
succession in bold, sweeping strokes, Kirwan proceeded to its 
collation with “the Mosaic account of these events.” A few 
samples will suffice to demonstrate the argument. “In the be- 
ginning God created the heaven and the earth” — that is to 
say, the first event was creation. “And the earth was without 
form and void.” This statement is particularly significant, 
Kirwan felt, for: 

Therefore another terraqueous globe did not previously exist in a 
complete state out of the ruins of which the present earth was 
formed, as some have lately imagined; without form and void the 
Hebrew has Tohu and Bohu. Ainsworth remarks that Tohu signi- 
fies a state of confusion, and Bohu a state of vacuity; see Pool’s 
Synopsis. That is to say, that the earth was partly in a chaotic .state, 
and partly fidl of empty cavities, which is exactly the state, which 
from the consideration of the subsequent phenomena, I have shewn 
to have been necessarily its primordial state.®” 

Moreover, all the cavities provided a reservoir to accommodate 
the retreat of Werner’s primeval seas. 

By similar reasoning, geological exegesis unfolds the 
Genesis story step by step. “Darkness on the face of the deep” 
signifies a globe-girdling aqueous miasma, particularly since 
David, “whose knowledge was derived from Moses, and who 
probably possessed a less abridged copy of Genesis than we do, 
expressly tells us that the earth was covered with water.” The 
spirit of God moving on the face of the waters denotes “the 
great evaporation that took place soon after the creation, as 
soon as the solids began to crystallize.” Though our shortened 
Genesis omits the fact, David mentioned that the waters 
covered the mountains, which geology has shown to have been 
precipitated from solution. Next day occurred the production 
of light, attested by our knowledge of the relatively late origin 
of volcanic action. And the “firmament in the midst of the 
waters” which served to “divide the waters from the waters” 
signifies et5miologically an “expanded or dilated substance, 
than which a more proper name could not surely be chosen for 
the atmosphere,” the function of which is “to separate and 
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contain vapours.” Hereupon the dry land appeared, the “fifth 
event which Moses places in the same order of succession that 
mere philosophical considerations assign to it.” And finally 
fish and land animals were created in proper sequence. 

Here then we have seven or eight geological facts, related by 
Moses on the one part, and on the other, deduced solely from the 
most exact and best verified geological observations, and yet agreeing 
with each other, not only in substance, but in the order of their 
succession. On whichever of these we bestow our confidence, its 
agreement with the other demonstrates the truth of that other. But 
if we bestow’ oui confidence on neither, then their agrament must 
be acco inted for. If we attempt this, we shall find the im probability 
that both accounts are false, infinite; consequently one must be true, 
and, then, so must abo the other. 

That two accounts deiivid from sources totally distinct ftom ami 
independent on each other should agree not only in the substance 
but in the order of succession of two events only, is already highly 
improbable, if the.se facts be not true, both sub.stantially and as to 
the order of their succession. Let this improbabilitj , as to the sub- 
stance of the facts, be rejiresented only by i/io then the improb- 
ability of their agreement as to seven events is that is, as 

one to ten million, and would be mu,.h higher if the otder also had 
entered into the computation 

These curious paragraphs constitute the crux of the argu- 
ment. For they e.stablish “the credit due to Mo.ses on mere 
philosophic ground.s and abstracting from all theological con- 
siderations.” Thus firmly established as a valid empirical and 
hi.storical source, Moses can be referred to as a guide so “far 
a.‘- his testimony reaches” in tracing the subsequent event; of 
earth history, particularly the circumstances of that “most 
horrible catastrophe,” the flood.®® In addition, criticism of re- 
cent geological theories must be referred to Mosaic evidence. 
Jean Andre Deluc, a “justly celebrated philosopher.” h-,d. for 
example, fallen into error by supposing the deluge to have 
consisted of the sinking of the present ocean areas, which had 
originally formed the continents, and the consequent exposure 
of the current terra firma. If Deluc were correct, how can one 
account for the rhinoceros carcasses lately uncovered in 
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Siberia? Moreover, Deluc’s system was incompatible with that 
of Moses. For to what purpose would God have sent a rain 
of forty days to overwhelm a continent which was shortly to 
be immersed under a whole ocean? Moses informs us that the 
waters increa.sed, rested, and returned upon the same ground, 
the rain having been pieced out by effusion from the Wernerian 
abyss. Since Noah himself did not believe the ancient conti- 
nents destroyed, why should Deluc? For Noah took the olive 
branch to be a sign of waning waters — he must have supposed 
it to have grown .somewhere on the ancient continents, since he 
could scarcely have expected it ‘‘to have shot up from the 
bottom of the sea.” 

Deluc had suggested that the olive grew on an antediluvian 
island, one of a number which esca])ed the flood. Moses, how- 
ever, clearly implied that there were no such. “If islands did 
exist, and were to escape the flood, so might their inhabitants 
also, contrary to the express words of the text”; one rould 
scarci'ly accuse the Lord of engineering so inefficient a destruc- 
tion. “It would .surely be much more convenient for Noah, his 
family, and animals, to have taken refuge in one of them, than 
to remain pent up in the ark.”®'"’ Deluc, Burnet, and Whuslon, 
then, were all wrong. Only the Mo.saic descriptive geology 
accords fully with phenomena now known. For only there is 
the deluge plainly ascribed 

to a supernatunal cau<?e, namely the c.spress intention oi God to 
punLsh mankind for their crimes. We must theiefore romsider the 
deluge as a miiaculous effusion of water, both from the clouds and 
from the great abyss; if the waters, situated partly within and 
paitly without the caverns of the globe, wore e^7<c sufficient to 
cowi even the highest mountains . . . they must have been suffi- 
cient to do .so a second time when miraculously educed out of those 
receptacles.’’® 

The only real difficulty which this conclusion presents is the 
trouble Noah must have experienced in collecting and feeding 
all the species now known, all of them accustomed to .such 
varying climates and diets Kirwan was inclined to think, 
however, that a number of useless species had been left behind, 
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and that others have been created since. And lastly, to those 
who objected that some areas must have been left unflooded in 
order to be available for the support ot life when the voyaRors 
disembarked from the ark, one may answer that the higher 
mountain tracts quickly became healthful again, particularly 
in the Far East. “Domestic disturbances in Noah’s family, 
briefly mentioned in holy writ, probably induced him to move 
with such of his descendants as were most attached to him, to 
the regions he inhabited before the flood, in the vicinity of 
China, and hence the early origin of the Chinese monarchy.” 

There is no point in following Kirwan into further detail; 
his HKthod is sufficiently obvious. But much as he might 
deplore the way writers like Deluc and Burnet occasionally 
strayed from literal truth, the real enemy to morality was the 
atheistic teaching of James Hutton. Kirwan devoted his last 
few” chapters to a thoroughly vicious attack on the Scottish 
eeologLst, to which he was led “by observing how fatal the su.s- 
picion of the high antiquity of the globe has been to the credit 
of Mosaic history, and consequently to religion and moral- 
ity.” He ridiculed Hutton’s literary style unmercifully. He 
accused the Theory of the Earth of being based on false evi- 
dence, of having manufactured observations whenever the real 
facts could not be misunder'^tood. So manifestly incorrect was 
the entire book that Kirwan had not even found it necessary to 
read it all. In order to point out Hutton’s absurdities “we need 
only examine a few” chapters of his work.” 

To trace every one of Kirwan’s refutations of Huttonian 
evidence would be a tedious and thankless task. In general, his 
technique was compounded of equal parts of ridicule and mis- 
representation. After having knocked down a straw man or 
ignored a particularly inconvenient Vulcanist observation, he 
replaced it with reference to the applicable Wernerian inter- 
pretation carefully equated to a Mosaic counterpart. He read- 
ily admitted that his evidence was second-hand, but claimed 
authority to speak from his wide acquaintance with the ob- 
servations of others. Surely his qualifications were greater 
than Hutton’s, who had evidently traveled only in Britain, 
and there with his eyes shut.^® 
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Kirwan presents, of course, almost too classic an example 
of the degree to which a perverse conception of natural theol- 
ogy could corrupt a scientific mind. His real objection to 
Hutton’s theory never arose from the evidence. Hutton’s sin 
lay in his failure to support a literal belief in Genesis, not in 
any denial of the Scripture.s. He who is not with us, Kirwan 
would have agreed, is against us. If science is true, it must 
agree with revelation word for word. Basically the elucidation 
of such mutual confirmation comprises the noblest aim of 
scientific investigation, the only real reason for it. Therefore 
geology must concern itself with origins, with theories. 

To be sure, the earlier cosmogonists had framed erroneous 
systems, based on in.sufficient geological experience and faulty 
interpretations. Their mistakes could not, of course, be 
accepted in an age which knew better, but Kirwan was able to 
criticize them, if not with tolerance, at least without rancor.^* 
Burnet, Whiston, and Woodward had, after all, made properly 
directed efforts; philosophic success was denied them only by 
their lack of the requisite information. What a contrast their 
innocent ignorance presented to the subversive influence of 
James Hutton! How dreadful not to turn the vast accumula- 
tion of geological evidence currently available to sacred uses! 
And how miich worse to in.sist that the nature of that evidence 
was intrinsically irrelevant to Scripture! 

Jean Andre Deluc must have been distressed when Kirwan 
included his system of geology among those which had strayed 
from the straight and narrow way. For surely no one had 
labored more mightily in the Mosaic cause. Unlike Kirwan, 
however, Deluc had imposed upon himself the burden of serv- 
ing two masters. To Bacon he accorded a sagacity as absolute 
as the veracity of Moses. Since he really did know Bacon’s 
precepts well, he avoided the more obvious contradictions 
which flowed more eloquently from Kirwan ’s pen. It would be 
a fine distinction, but Deluc might well be awarded an in- 
tellectual position a cut above Kirwan’s and be credited with 
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a somewhat more subtle empirical exegesis. At least his writing 
expresses a terribly earnest and a mildly pathetic good humor. 

Deluc was more widely acquainted than Kirwan. Though 
he had been born and bred in Calvinist Geneva and usually 
wrote in French, he made his home in England after 1773.*“ 
Even Playfair had appreciative things to say about Deluc’s 
innate ability,*® and Hutton cited many of his observations.** 
His writings give the impression that he was a likable person, 
and they have the effect of making the reader regret that 
Deluc felt impelled to work so hard at unpromising projects. 
It seems unfortunate that he did not allow his reputation to 
rest upK'n his good investigations in electricity, chemistry, and 
meteorology. But he defined his life work himself, and must 
be taken at his word: 

What can we determine with certainty respecting the otigitt and 
natuip of Man without knowing his historyj --Ho'k can we know 
anything of the history of Man, except wc know sufficiently the 
history of the planet, without .studying the monuments o) its revo- 
lutions, and all that Natural Philosophy can discover to us of their 
causes? 

To these que.stions, Deluc had, he wrote, “devoted near fifty 
years of my life,” years which he thought well spent, for they 
had “demonstrated the conformity of geological monuments 
with the sublime account of that series of operations which 
took place during the Six Days, or periods of time, recorded by 
the inspired penman.” *® 

Almost as discursive as Priestley, Deluc scattered bis 
geology through many publications, llis earliest synthesis, 
published in 1779, was entitled Lettres physiques ct morales 
sur I'histoire de la terre ct de Phomme: Adress 6 es a la reine de 
la Grande Bretagne.*^ Then in 1790 and 1791, after having 
perused Hutton’s early article with considerable alarm, he 
published four “Letters to Dr. Hutton” (he had a passion for 
casting things in the form of letters) in the Monthly Review, 
outlining his own system.*^ Deluc extended his ideas further 
in six letters, addressed for some reason to Profe.ssor J. F. 
Blumenbach, which collated in detail his own system with the 
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account in Genesis.^® In 1799 Kirwan reentered the fray."*® 
Playfair appeared with the classic Illustrations in 1802; and 
Deluc, abandoning his favorite epistles, fancied that he had 
erected the geology in the Treatise which, in 1809. summarized 
his earlier works and settled all the issues raised by the fore- 
going discussions/’® 

Deluc entertained the conviction that he had found natural 
“monuments” which, properly understood, enabled geology 
to begin its history of the earth at a very remote but distinct 
ei)orh/’‘ What no one had appreciated, however — and this 
was the crux of his system, the point that made it original, 
complete, and scientific — was that this history must be di- 
vided between two intrinsically dissimilar eras, and studied 
so The first included the formative processes which eventu- 
ally gave birth to our continents, the second the events which 
have since occurred: 

Until the inipoitanie of the distinction which T h,i\e pointed out 
between two clashes of effects, one of those which had Iieen already 
produced upon the eaith's 'urface, />rn<ionily to the biith of our 
continents, and the other of such as took place upon these continents, 
subsequently to that peiiod, he fully undeistood, and those of the 
latter class accurately dctei mined . we ternaiii in the same labyrinth 
in which the first geologists w^ande ed ’* 

Although the first class of causes has ceased opc'rations on 
the globe, circumstances now' being different, its effects, visible 
everywhere about us in static geological monuments, made it 
possible for Deluc to follow in detail the throes of continental 
gestation.'’* At some time before the fundamental revolution 
which produced our world, the earth’s crust had been laid down 
in six successive stages. Though Deluc never acknowledged it, 
these stages present only minor modifications in the standard 
Wernerian formation suites. At varying intervals in the long- 
continued precipitation of strata from the primordial solution, 
light and the atmosphere appeared. The seas began to ooze 
down into the body of the earth eating out subterranean 
spaces into which originally level strata caved and folded. As 
the oceans subsided, releasing material from solution all the 
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while, first islands and then the older continents appeared 
above the surface, the latter since inundated once again. 
Vegetation and fauna arose, and eventually man was created. 
Fishy life had already begun, as we know from the fossil resi- 
dues in the oldest rocks. There is no telling how long all this 
went on, but its completion marked the end of the first era of 
world history, the era of creative forces.®® 

Four thousand years ago, however — using r8oo as the 
datum — there took place the notable event which produced 
the present state of the world. Previously our continents had 
been the bottom of the sea. Then quite suddenly, the ancient 
lands subsided in a catastrophic convulsion, the waters poured 
onto the newly sunken areas, and the modern continents were 
left exposed. Only a few primordial islands, now become moun- 
tain tops, escaped depression and preserved the continuity of 
vegetable and animal life.®" Deluc had to spare these islands, 
because he was too honest to ignore the known deposits of 
terrestrial fossil forms overlying, here and there, marine re- 
mains. Fortunately for him no human relics had yet been 
found among them. 

In the pre.sent era of earth history, entirely different kinds 
of geological causes are at work, causes which can be compre- 
hended by observation of their operation instead of by in- 
duction from studying their finished effects. Such latter-day 
dynamics, however, must be considered incidental and not 
arthiteetural; the earth’s structure is now complete. The seas 
subside no more, the mountains are eternal. Some slight adjust- 
ments of the surface still find expression in earthquakes and 
volcanoes and in the minor silting of river basins, but the 
great revolution was final.®'' 

“All this, I observe, is independent on any reference to the 
Book of Genrsis,’' ®® and so indeed it .seemed. In the presenta- 
tion of his argument, Deluc nowhere bent any but physical 
observations to the erection of his geological synthesis. None- 
theless, when he had done with it, but not he thought until 
then, he was pleased to discover how he had “made it appear 
that the very facts upon which those systems seemed to rest, 
which assign an indefinite antiquity to our present continents. 
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confirm, on the contrary, in the most satisfactory manner, the 
chronology of Genesis.” What were the six stages of con- 
struction in the prerevolutionary era, if not the six days of 
creation? It does not matter how Jong they lasted — a thou- 
sand years is as a day in the Lord’s sight, and human memory 
runs not back so far. What was the great revolutionary catas- 
trophe itself, if not the deluge? In the British Critic,^ Deluc 
thus applied himself to detailed collation, equating the Mosaic 
account with the appropriate event in his system. Pagan my- 
thology, the long life-span and memory of antediluvian man, 
Babylonian astronomical records, ingratitude among Noah’s 
progeny, the optics of rainbows — all these considerations and 
many others were brought to bear upon the matter at hand in 
order to demonstrate the complete, literal credibility of the 
Biblical flood. Two examples will indicate how seriously he 
took himself. 

Many of the unphilosophic faithful, Kirwan among them, 
had been distressed by Deluc’s leniency with the islands and 
their resident fauna which escaped his flood. Deluc undertook 
to set their minds at ease: 

“And God said unto Noah, the end of all flesh is come befoie me; 
for the earth is filled with violence through them; and behold, I will 
destroy them with the earth." The more literal translation of the 
latter part of the verse is. “I will dcstrov them, and the earth with 
them." We see that the ttrm earth does not here signify the terres- 
trial itloht , but the land inlmhited by man; ronformabh' to this we 
read in Ch.apter I. v. lo; ‘‘.\nd God called the dry land earth." 

This left the surviving animals to be got over, however. Deluc 
managed to take care of them just a.s easily, while confound- 
ing the skeptics who discarded Genesis on the grounds that no 
boat could possibly hold two of every species or sufficient 
fodder for forty days and more: 

Chapter IX, vv 8, 9, and 10: “And God spake unto Noah, and 
to his sons with him, saying, and I. behold, T establish my covenant 
with you, and with your seed after you; and with every living 
creature that is with you, of the fowl, of the cattle, and of every 
beast of the earth with you; from all that go out of the ark, to 
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every beast oj the earth” Does not this repetition of the words “with 
you,” joined to the expression of “all that go out of the ark,” corre- 
sponding with the order given to Noah, “two of every sort shalt 
thou bring into the aik. to keep them alive with thee,” establish 
an e\ident distinction, between the species of animals which Noah 
had taken into the ark, and which had come out oj it with him and 
“a// the beasts of the earth”} 

Of course it does — the other beasts, having ridden out the 
deluge on a mountain top, spread downwards with the surviv- 
ing vegetation onto the new continents. Their omc temperate 
abodes became our Alpine peaks. 

Many, many pages of this sort of thing boil down to a con- 
clusion that if the Mosaic account were only a myth like any 
other, then its story could not now be explained in scientific 
terms. For Moses and Noah and all their contemporaries were 
totally ignorant of physics and geology. They could not have 
invented a formulation which still describes clearly recogniz- 
able physical and geological facts Now that we do have, in the 
year of grace 1809, sufficient scientific knowledge to trace 
back from the evidence what processes must have occurred 
four thousand years ago, we find the picture so derived one 
which has always been available to men who perused Scrip- 
ture. Therefore, since Genesis turns out to be a perfect descrip- 
tion of nature set down by people who knew no science its 
accuracy can be explained only as a divine revelation, taken 
these many years on faith, and now confirmed by completely 
independent collateral inquiry.®® 

All this being so, it might well be asked why scientists like 
Deluc should have troubled to go clambering about the Alps 
when they could have learned the same things so much more 
comfortably sitting properly at home over their Bibles? Part 
of the answer, of course, must be that their preconceptions did 
not lessen either the intensity of their natural curiosity or the 
vigor with which they pressed their inquiries. But partly, too, 
such men possessed different conceptions from ours of the basic 
function of scientific theory. Deluc, for example, pursued 
geological investigations not merely for their own sake but be- 
cause of their “moral object ... by the indissoluble connec- 
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tion which subsists between the history of the human race, and 
that of the earth.” ^ 

Unhappily, he gave away the weakness of his position by 
practically admitting that humanity’s recent conquest of natu- 
ral knowledge had been, in a sense, unfortunate. Geology had 
once been unnecessary since “the book of Genesis presented 
the history of the earth, and of mankind.” No essential in- 
formation had been wanting. With the advance of philosophic 
learning, however, recent times had witnessed the promulga- 
tion of many pseudoscientific systems of cosmology which ex- 
plicitly or implicitly contradicted particular incidents in 
Genesis, if not its total credibility. Some of these authors knew 
not what they did, but others were the intellectual heirs of in- 
fidels who in ages past had attacked the faith with pagan 
dialectic or with myth. Now this school had seized upon a 
weapon in geology — false geology, to be sure, but still geol- 
ogy. Theologians, then, must master the new instrument and 
turn it against the enemy. Errors in other branches of natural 
philosophy were not so serious. Such mistakes could be bother- 
some, of course, and regrettable, but hardly dangerous.*® The 
geologist, however, if he was to be a friend to the best interests 
of humanity, must exercise particular caution. His in(juiries 
weie directed to a greater object than those of other scientists. 

No general inference, indeed, drawn from the physic.il .science.',, 
could be more important to men than that in which tjenesi.s was 
involved; for to con.sider that book as fabulous was to plunge them 
into a final uncertainly, with regard to what it must com ern them to 
know, viz. their origins, their duties, and their de.stination: it was 
sapping the very foundation on which the great edifice of society 
has always rested: it was, in short, abandoning men to themselves; 
and those must have been little acquainted with them, who did not 
foresee the fatal consequences which would inevitably ensue.®' 

In this crisis, Deluc’s remedy was to bring Francis Bacon 
to the rescue of humanity: Bacon would reestablish Moses’ 
claim to be a source of unquestionable scientific authority. 
This project did not seem at all odd to Deluc, Since, fortu- 
nately or otherwise, the story in Scripture had become a sub- 
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ject for empirical investigation, the importance of sound 
method, defined once for all by Bacon, could never be suffi- 
ciently emphasized. Deluc convinced himself quite completely 
that he had arrived at his theory by a rigidly inductive route. 
Of all geologists, indeed, he, Deluc, was the only one who had 
presented truth, because only he had never faltered in his devo- 
tion to objective research.®'’ In one installment of his endless 
public corre.spondence, he set himself to expo.se “what I believe 
to be the cause of that condition [the decline of religion], 
which seems to me to stem entirely from the abandoning of 
revelation”®® — a desertion inspired by the presumption of 
those who usurped the name philosopher without knowing or 
caring anything for scientific method. Infidelity arose not 
from scientific inquiry, but from unscientific theories, from a 
failure to follow valid rules of philo.stiphizing. 

I^eluc felt that people with good intention.s and a very 
little knowledge, like Kirwan, were mote dangerous than 
geologists who impugned details of Scrijdure outright. Natu- 
ralists of Htitton’s cla.‘-s who first published .systems contrary 
to Genesis “have already fallen, in consequence of the increa.se 
of knowledge; and thus is become obvious the imprudence of 
their attack on that, vhich a sublime tradition had e.stablished 
among men.” It wa.s impo'.sible. however, to apologize for 
those who, with no great information, brought forth various 
well-meant and chimerical .systems so nonsen.sical as to di.s- 
credit a great object in their own collapse.'^^ Kirwan’s Grolot'i- 
cal Eisays, for example, could only be deplored. Their author 
knew no geology first hand, and he c unmitted the unforgiv- 
able sin of rea.soning a priori from Genesis itself. What was 
worse, he misconstrued the passages which would have been 
improperly used even had he understood them. 

Deluc employed a rather more gingerly approach to criti- 
cism of Hutton and Playfair, against who^e notions his 
Treatise was primarily directed. Somewhat consciously gen- 
erous tributes to their talents, industry, and ingenuity preface 
passages of uncompromising opposition.’'^ Playfair, in particu- 
lar, had performed a great service in pointing out so forcibly 
how geology had recently possessed itself of sufficient factual 
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basis for sound theorizing.’'^ Unfortunately, however, the Scot- 
tish professor’s arbitrary delimitation of the proper sphere of 
geology defeated the purpose of the science. If a student of 
the earth confines his attention to causes now operating, he 
can understand only the relatively incidental events which 
occurred subsequent to the diluvial birth of our continents. So 
partial a view of the sphere of geology must be considered 
very unscientific. More seriously, Playfair’s definition denied 
the possibility of philosophically establishing a history of the 
earth, with all the moral benefits which could ensue. Indeed, 
any such narrow limits were “strange hypotheses.” Playfair, 
in sum, had never grasped the Baconian conception of all knowl- 
edge as a rightful province.’* 

Apparently an accepted and almost expected feature of 
the scientific debating practice of the period was the conven- 
tional accusation that one’s opponent had willfully forced his 
facts into line with his subjective delusions. Each of the for- 
ensic geologists made some such remark about every other. 
Ueluc’s basic objection to Hutton and Playfair arose, he said, 
from just this weakness in their thought.’'' He dismissed the 
ma.ss of evidence Hutton had accumulated as .specious and mis- 
interpreted, too facile to stand. Noneth'-less, it had best he 
refuted in detail, le.st unwary laymen fail to perceive how the 
Theory of the Earth, with its artificial limitations upon geologi- 
cal knowledge, had sprung not from nature but from Hutton’s 
brain. Actually, Deluc’s strategy for counterattack seldom 
amounted to more than contradictory interpretation of eviden( e 
Where Playfair saw a rising shore line, Deluc observed a sink- 
ing sea. If the Vulcanists pointed to a river system carrying 
detritus to the ocean, Deluc turned up a plain enriched by silt 
When Playfair c alled attention to upthrust strata, the Treatise 
explained .such contortions in terms of a once collapsing global 
crust — Deluc thought the earth had assumed its wrinkled 
surface after the manner of a drying prune. Rocks, of course, 
were straight Neptunist in origin. 

More than anything else, however, the Vulcanist antiquity 
of the earth bothered Deluc, frightened liim really. It was his 
King Charles's head. Remarks about it kept creeping into all 
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his supposedly factual criticism of observational detail. Once, 
in the middle of a severely objective passage, he let himself go: 

According to the conclusion of Dr. Hutton, and of many other 
geologists, our continents are of indefinite antiquity, they have been 
peopled we know not how, and mankind are wholly unacquainted 
with their origin. According to my conclusions, drawn from the same 
source, that of facts, our continents are of such small antiquity, that 
the memory of the revolution which gave them birth must still be 
preserved among men, and thus we are led to seek in the book of 
Genesis the record of the histoiy of the human race from its origin 
Can any object of importance superior to this be found throughout 
the ciri le of natural science^ 

Here, clearly, is the crux of the argument. In another 
place, one of the weakest sections of the Treatise, I)eluc at- 
tempted to define how he had been able to use “natural chro- 
nometers” in fixing the date of the deluge at 2200 n.-c."’ But 
though he was ordinarily capable in purely descriptive pas- 
sages, these chronometers were very vague. They were con- 
nected somehow with the rate at which currently observable 
causes operate. Here is the one point where the reader wonders 
whether Deluc really could have believed in his own objec- 
tivity. Probably he did, how'ever In any rase, he had very little 
choice, for it the continents had been formed in time out of 
mind, obviously Genesis could not be historically true. The 
Pentateuch could still contain an authentic account of what 
men were miraculously told, but that was not good enough. In 
order to be .susceptible of scientific confirmation, it had to be 
the record of what men had experienced, remembered, and set 
down. Its authors knew of creation from revelation, certainly 
— but they went through the flood themselves. 

Quite obviously, of course, Deluc simply could not bear the 
thought that mankind should be “wholly unacquainted with 
their origin.” He found no end of empirical objections to raise 
against the Vulcanists. Of all possible sources of infidelity, he 
thought, abandoning the literal sense of Genesis with regard to 
the deluge had produced the greatest number of unbelievers.’” 
There is something rather pathetic in Deluc’s interpretative 
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gymnastics. For he really loved science as dearly as he loved 
the Lord. And he believed devoutly that any proper applica- 
tion of philosophic tools could only discover truth; therefore, 
any system which did not do so must have been reared upon 
false interpretations. 

It can be said for him that he never impugned Hutton’s 
motives. His tone throughout was sweetly reasonable and 
gently regretful about the Scottish geologist’s great but mis- 
directed talents. Occasionally Deluc seems over humble, al- 
ways terribly serious, and quite remarkably discursive. In a 
sense, he made a fairly good step beyond Kirwan. He realized 
clearly, for example, the length of time required for the forma- 
tion of rock strata, and allowed six allegorical days for h’s 
creative, antediluvian era. He refused, too, to blink away in- 
convenient mammalian fossils in what could more easily have 
been his primeval ocean bed. Occasionally, he abandoned sym- 
metry for fact. And if his system was only a theological exer- 
cise, at least he nevt*r formally introduced his conclusion.s into 
the argument. The <leluge, however, must be literal: man wa.s 
represented as remembering it, and it had to be such that man 
could remember it 

Deluc once addres.sed a warning from the master to the 
people on his .side: “Fact‘'.” Bacon had said, “will ultimately 
prevail; we must therefore take rare that they be not again.st 


•1 

In Britain, the Wernerian forces were organized and led 
by Robert Jameson, regius profe.ssor of natural history and 
keeper of the museum in the I’niversity of Edinburgh. 
Jame.son had deserted medicine for mineralogy about 1705, 
the year Hutton’s book appeared, and he publi.shed An Outline 
of the Mineralogy of the Shetland Islands and of the Island of 
Arran shortly thereafter.*'" He was then only twenty-four and, 
so far as his work shows, not yet attached to any geological 
system. In 1800. however, he went to Freiberg to study under 
Werner. On his return home in 1804, he received his appoint- 
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ment to the chair he occupied for half a century. Like all the 
prominent Wernerians, Jameson was a Rood mineralogist, 
though his work suffered from the outlandish terminology his 
school employed. He acquired an enormous collection for his 
mu.seum — forty thousand specimens of rocks and minerals, 
ten thousand fos.sils, eight thousand birds, and uncounted in- 
sects and botanical exhibits.*'^ 

The first two volumes of his chief work, A System of 
Mineralogy, were published in 1804. Encyclopedic in nature, 
they catalogue and describe in vast detail the whole range 
of mineral materials, employing Werner’s nonienc lature, of 
course Four years later Jame.son adtled \'o1unie 11 1, his first 
attempt at theoretical synthesis, under the stibtitle Elements 
of Geognosy.^'^ He did not claim any personal c»'edit for theo- 
retical originality -- to do so would have been the rankest 
heterodoxy. In the introduction to the first volume, he let it be 
clearly understood that he was his master's voice: 

This great geognost ( Werner j. after many years of the mo.st 
ardiiou.s inve.stigations. conducted with an accunaev and acuteness of 
which we have few examples, di.scovcred the manner in which the 
crust of the earth is constructed. Having made this great discovery, 
he. after deep reflection, and in conformity with the strictest rules 
of induction, drew most interesting conclusions, as lo the manner in 
which the solid mass of the earth may have been formed. It is that 
splendid specimen of investigation, the most jierfect of its kind ever 
presented to the world, which I shall give an account of in the 
volume of my work which treats of Geognosie.**’’ 

This curious note of adulation carried through all of 
Jameson’s earlier writing. Every conclusion, every defini- 
tion, every classification, is Werner’s. In the Memoirs of the 
Wernerian Natural History Society, nearly all of Jame.son’.s 
papers open with some phra.se such as “W*erner observes” or 
“According to Werner.” Jame.son was, has been remarked, 
an indefatigable mineralogical observer, and he and hi.s school 
professed to regard their geogno.sy as a subordinate feature of 
the main science, mineralogy In practice, however, he 
became so absorbed in defending Neptunist theory against 
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Vulcanist criticism that he found himself forever calling min- 
eralogical observation to the support of Wernerian formation 
suites. 

Other scientific influences than his first teacher's did. of 
course, interest Jameson as time went on. Cuvier’s work at- 
tracted his attention, and he edited an English translation of 
the famous Disc ours sur les revolutions dc la surface du 
globe , thus linking, in a sense, the Neptunist school with the 
subtler catastrophists who later assumed Hs intellectual mantle. 
Biblical implications of Neptunism seem not to have interested 
him, however. The only reference to Mosaic matters in any of 
his writings lies in a ca.sual note appended to the Geognosy, 
where he rather languidly points out that the deluge could not 
have been the primordial brine but must have come later.” 

Jameson’s happiest hours were spent in promoting the in- 
terests of his favorite project, the Wernerian Natural History 
Society, which he founded in Edinburgh in 1808. Since this 
Edinburgh group embraced the whole vague field of “natural 
history,'’ its early publications included some useful papers in 
botany, zoology, paleontology, chemistry, and whatnot."* But 
the founder’s concern lay with mineralogy — Jameson remained 
perpetual president until the society’s demise some thirty years 
later — and in the Werneriar Society the Neptunists had a 
corporate vehicle for the perpetuation of theoretical error un- 
usual in the history of .scientific societies. The Vulcanists en- 
joyed no such monopoly of any propaganda medium. 

The extent of the early appeal of Neptunism in respectable 
British scientific circles may be measured by the membership 
the society had attracted in 1811. There were then, the year 
the first volume of its Memoirs reached the public, three hon- 
orary, forty-three resident, seventy-nine nonresident, and one 
hundred foreign members. Of the honorary fellows, Werner’s 
name was first, followed by Kirwan. Deluc appears in the roster, 
of course. Among general scientists are listed such promi- 
nent figures as Sir Joseph Banks, Humphry Davy. James Watt, 
W. Hyde Wollaston, secretary of the Royal Society, and James 
E. Smith, president of the Linnaean Society. University facul- 
ties, particularly the Scottish ones, were heavily represented.®" 
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Jameson’s followers cannot be dismissed as visionary cranks to 
whom real scientists paid no attention. 

The first four volumes of Memoirs, published rather spo- 
radically between 1811 and 1822, offer an outline of the decline 
and fall of Neptunist geology.®" In volumes 1 and II, the em- 
phasis fell upon articles dealing with mineralogy and geognosy 
(it w’as a point of honor with the group to use this A\ord instead 
of geology). Volume II, covering the years 1811-18x8, devoted 
twenty-one papers to these subjects, twelve to botany, zoology, 
and paletmtology, and three to meteorology. But in 1822, by 
which time the whole controversy had died of inanition, only 
eleven contributions concerned themselves with geological *ub- 
jects, twenty-nine with botany, zoology, and paleontology, and 
nine with miscellaneous items Significantly, too, after 1813 not 
a single fellow of the Royal Society, and only two university 
professors, were included among the new members.®* 

The most frequent contributor to the first two volumt'S was, 
of course, Jameson himself: he had seven geognostic al articles 
in volume I and five in volume II ®" After the i>residcnt, tlie 
Reverend John Fleming, minister of Bressay, the Reverend 
Thomas MacKnight, and a Lieutenant-Folonel Imrie were the 
most prolific members. Their articles, and indeed n«‘arly ail the 
articles, followed certain established conventiont> Somewhere 
in the body of the material would be inc luded a gracious tribute 
to the geognostical leadership of “our great President,’’ without 
vvho.se encouragement and inspiration the writer would never 
have succeeded in completing or comtirehending his researches. 
Werner ordinarily received due acknowledgment from the faitli- 
ful, but very few of them had been exposed to his teaching 
except as it filtered unalloyed through Jameson’s example 
Neither of the first two volumes contains a single geological 
paper which does not presuppose the Neptunist formation-suite 
d>namics in describing particular jihenomena. By des^'ribmg the 
rocks in the terminology Werner invented, all his followers 
began by admitting the very matter to be proved. Having 
started with the accepted mineralogical pattern, each author 
would tiiumphantly adduce his interpretation of whatever lo- 
cality he was investigating as further proof of the beauty and 
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truth of Neptunist geognosy. The Reverend Thomas Mac- 
Knight, for example, made an extended tour through the High- 
lands and reported that although “the object of these papers 
is to record facts without attempting to establish theory,” 
nonetheless. 

One remark more will not, T hope, be unacceptable in this Society. 
It relates to the salisfaction in surveying a country, afforded by the 
principles of (leognosy. ('ompared, indeed, with every mode hitherto 
proposed of vlewine; the mineral mass of the earth, the superiority 
of Werner’h .system can hardly, I think, be appreciated in its full 
value.*® 

liy about 1820, however, the Memoirs appear to have grad- 
ually abandoned this rigorous Neptunism. There was no sudden 
i. hange in outlook, no dramatic recantation. Rather the members 
'-euu slowdy to have realized how vacuous such polemics had 
become, and after long exposure many of them had followed 
the geni'ral body of scientific opinion and had been converted 
in whole or in part to the doctrines of the opposite school. Part 
of the change may be ascribed to a shift in personnel; by 1825 
only a minority of thi' 18 to members still belonged to the Wer- 
nerian Society. Whether as a cause or <*ffect of Wernerian de- 
cline. the interests of the later group centi'red on the animate 
branches of natural history rather than on geology. Among the 
geological papeis. certain contributions introduced opinions 
which would have been unthinkable ten or fifteen years before. 
Ami lloue, for example, writing in 182?, could quite casually 
"assert, that the Erzgebirge contains many interesting facts, 
and distimt appearances whhh might be adduced in support 
of the Huttonian theory.’’ 

Even the Reverend James Grierson of Cockpen, whose voice 
had been one of the truest in the chorus during the mutual- 
admiration days of the Wernerian Society, eventually found 
himself impressed by the evidence. In volume Y he published 
a general review oi the history of the science. A great part of 
the errors characteristic of the “delightful romances” of Leib- 
niz, of Descartes, and more lately of Buffon stemmed, accord- 
ing to Dr. Grierson, from the fact that these speculators had 
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been guilty of “paying less attention, or we may say no atten- 
tion at all, to the accounts we have in Scripture.” Their own 
society had, however, to a great extent remedied this unaccount- 
able oversight. At the same time, it was important not to go 
to the other extreme represented by ardent and uninformed 
Biblical cosmogonists like Woodward and Whiston. 

Nowhere, however, I think I may without an approach to flat- 
tery, say, have the Wernerian, or truly scientific methods of inves- 
tif^ation in this department of nature, been followed with more 
ability, and attended with fi;reater success, than in our own country, 
and when I say so, no one can fail to peiceive that 1 alludt to our 
President. 

Nonetheless, writing this in 1824, Dr. Grier.son also had appre- 
ciative things to say of the “truly sublime and beautiful doc- 
trine” of Hutton and Playfair, and the usefulness of the idea 
of a central heat."® 

Mill, despite its defection from its godfathei’s tenets, the 
Wernerian Society did not wholly lack originality in these lattei 
years. A frequent contributor to volume VT was the Reverend 
David Scot, whose field was scriptural zoology. He was par- 
ticularly concerned with identifying the Saphan, a beast men- 
tioned in Leviticus 11:5, Deuteronomy 14:7. Psalms 104:18, 
and Proverbs 30:26. “We are in suspen.se whether the rabbit 
or coney be the Saphan of the Hebrew Bible,” or whether it be 
the fennec or pontic mouse of the Arabic Translation. The 
hedgehog was out of the question, though favored by some, 
because it docs not chew its cud. So, a^ter having considered 
a variety of animals described in the Chaldee Paraphrase (old 
Syriac version), Pliny, St. Jerome, the Septuagint, Philoxenas, 
and Cuvier, and traced the etymology of their names through 
Hebrew, Greek, Arabic, Chaldee, ancl Latin, the Reverend Mr. 
Scot concluded: 

We have no hesitation in agreeing with tiiis illustrious naturali.st 
I Cuvier], that there is but one species in the genus Hyrax, the 
Saphan of the Sacred Writings, the Webro of the Arabian, the 
Daman Israel of Shaw, the A.shkoko of Bruce, the Clip-Dass of the 
Dutch. 
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The result, then, to which we have come, after the most un- 
biassed consideration, is, that the Saphan of the ancient Hebrews, 
rendered “coney” in the English Bible, is a very different animal; 
that it has a nearer resemblance to the hedgehog, the bear, the 
mouse, the jerboa, or the marmot, though it is not any of these 
animals.®'^ 

The Wernerian Society had learned the virtues of scientific 
caution. 
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FROM VULCANISM TO PALEONTOLOGY 

... As when two black clouds 
Witli heaven s artillery fraught, come rattling in 
Over the Caspian: then stand Iront to front, 

Hovenng a space, till winds tJie signal blow 
To join their dark encounter in niid air, 

So frovcned the mighty combatants, that hell 
Grew darker at their lic^wn; so matched thcv stood: 

Fur never but once more was either like 
To meet so great a ^oe. 


I 

Whkm THE Reverend Mr. Wiiewell was writing his his- 
tory of science, he decided that nothing less grand than the lines 
at the head of this chapter would serve to describe the stormy 
passions unlea.shed by the Neptunist-Vulcanist disputes ^ The 
discussion did, in fact, produce an astonishing heat, most of 
which was given off by the advocates of water. Sir Henry Hol- 
land describes a performance in an Edinburgh theater when 
a play written by an ardent Huttonian was hissed off the boards 
by a house packed, evidently, with Neptunists.® 

The partisans of fire were much less feverish. The chief of 
them, John Playfair (Hutton had died in 1797), was professor 
of mathematics and later of natural philosophy in the Uni- 
versity of PMinburgh. He was a younger contemporary, a pupil, 
and a friend of leading Scottish philosophers. They were a cool, 
dispassionate circle — men like Joseph Black, Lugald Stewart, 
Adam Smith, James Watt, Lord Home of Karnes, John Robison, 
and Hutton himself. Playfair became an able mathematician 
and naturalist, but he is not often remembered for his own work. 
His admirably lucid Illustrations oj the Huttonian Theory 0} 
the Earth appeared in 1802, partly in answer to Kirwan’s Geo- 
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logical Essays, which had threatened to sweep Vulcanist views 
into a misrepresented discard. Unlike Wernerian apostles, how- 
ever, Playfair was neither unoriginal nor uncritical, and he was 
more than a popularizer.® He was Hutton’s Huxley, and, like 
Huxley, his own contributions have been submerged in his ad- 
vocacy of a larger cause. 

Despite his impatience with unfounded speculation, Play- 
fair’s discussion of progressive scientific method did not mini- 
mize the importance of framing theories. He insisted, however, 
on limiting theories to the interpretation of observable phenom- 
ena. Mistaken hypotheses, he thought, had often performed 
useful service in stimulating further inquiry provided their 
supporters had been willing to modify or abandon their ideas 
in the light of further research. Horace Benedict de Saussure 
and Dolomieu, however erroneous their notions, had much in 
common with Hutton berau.se their theories were framed on 
honest scientific principles.'* “I have already ob.served,” wrote 
Playfair, ‘“that there is a greater tendenc y to agree among geo- 
logical theories, than among the authors of those theories.”’’ 
This was so because properly derived srientific concepts alwa}^s 
tended to complement each other in a few leading principles. 
The trouble with the Neptunists, then was not that they had 
a theory of geology. Unhappdy they did not have one; in its 
place they foisted off a cosmological speculation, and they did 
so inevitably because their system referred back to a state of 
terrestrial affairs which could only be imagined. To Playfair, 
this, and not the processes of rock formation, was the real 
point at issue. 

If it is once settled, that a theory of the earth ought to have no 
other aim but to discover the laws that regulate the changes on the 
surface, or in the interior of the globe, the subject is brought within 
the sphere either of observation or analogy; and there is no reason 
to suppose, that man, who has numbered the stars, and measured 
their forces, shall ultimately prove unequal to this investigation.^ 

The fundamental obstacle to the growth of geology lay pre- 
cisely in the failure to understand its limitations. Anyone who 
attempted to carry back his inquiries “to a point prior to the 
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present series of causes and effects” violated the very definition 
of inductive reasoning. But among all those who did so the most 
malicious were the critics who gratuitously injected religious 
controversy into the issue. Their faith served only to bring out 
the worst in people like Deluc and Kirwan, who “would have 
us to consider their geological speculations as a commentary on 
the text of Moses.” Herein, thought Playfair, and not in Hutton, 
there found expression “a spirit as injurious to the dignity of 
religion, as to the freedom of philosophical inquiry.” ’ The Holy 
Scriptures had not been revealed to mankind to teach them rock 
structure or any other science, and this would be true even if it 
were adiiiissible to write, as Deluc had done, a scientific treatise 
on the history of the solar .system before the appearance of the 
sun and prior to the establishment of the present laws of nature. 
Playfair deplored the philosophical ineptitude which had be- 
trayed Deluc into so unpromising a project. But he described 
as even more serious the sacrilegious presumption of the Nep- 
tunists who sought to tear away the veil with which the Almighty 
had .')hielded His creative processes and had protected them 
even against the eyes of His prophets." 

As a matter of fact, however, Playfair probably resented 
the misrepresentations of Hutton more than the indignities 
offered the Oeator. The inju.stice of such misrepresentations 
had wounded Hutton very deeply. It was not as if he had held 
that the world had never had a beginning and would never 
meet an end. All he maintained was that there is no mark of 
either in the economy of nature. To criticize the latter assertion 
for the former was uncandid, Playfair thought. To heap, on 
that account, reproaches for impiety and charges of atheism on 
Hutton’s head was malicious. And to attempt to explain the 
means by which God established the present laws of nature 
was none of the geologist’s affair and was in any case beyond 
the .scope of his understanding.® 

According to Hutton, the evidence, while it can never re- 
veal the origins, does include indications which push the exist- 
ence of the present order back to an antiquity exceedingly re- 
mote. Playfair admitted that a theological objection based on 
such grounds might have weight 
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if the high antiquity in question were not restricted merely to the 
globe of the earth, but were also extended to the human race. That 
the origin of mankind does not go back beyond six or seven thou- 
sand years, is a position so involved in the narrative of the Mosaic 
books, that anything inconsistent with it, would no doubt stand in 
opposition to those ancient records.'® 

But geology has nothing to say about this subject. And the 
Scriptures actually seem not at all concerned with the mere 
antiquity of the earth itself. In any event their language should 
no more be taken literally about the age of the earth than about 
its figure or its motion — which put Hutton on the same footing 
with Copernicus. 

In fact, Playfair contended, properly understood, the Hut- 
tonian theory was far more conducive to reverent contempla- 
tion of the beneficence of natural order than were the incom- 
prehensible con\'ulsions put forward by the Mosaic critics. 
Natural theology had been strengthened by Newton’s revela- 
tion of the interdependence, regularity, and cyclic efficiency of 
planetary motion. The same lesson was to be learned from the 
ceaseless rhythm of geological dynamics, forever building new 
substance and new worlds out of old and worn-out materials. 
This too testified to the skill of the Designer’s hand.^^ To Dr. 
Hutton himself, the instances of design 

which his geological sy.stem afforded, appeared ... as its most 
valuable result. They were the parts of it which he contemplated 
with greatest delight; and he would have been less flattered, by 
being told of the ingenuity and originality of his theory, than of the 
addition which it had made to our knowledge of final causes}^ 

Hutton and Playfair, then, were not indifferent to the religious 
implications of their version of natural history. Playfair was 
himself a minister, and his defense of Vukanist theory rests 
partly on the assertion that Huttonian order is more conducive 
to a properly worshipful attitude towards the divine plan than 
the misconceived Neptunist effort to demonstrate the geological 
credibility of every word of Genesis. Playfair never denied the 
importance of bringing the results of scientific research to the 
support of religious faith; he simply insisted on the impossi- 
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bility of doing so by confusing theological problems with sci- 
entific ones. Science and theology were different spheres, and 
philosophic inquiry must proceed by its own laws and only in 
its own empirical domain. Nevertheless, Playfair thought, once 
theories were established in a properly objective fa.shion, na- 
tural philosophy could justifiably and creditably hold up for 
admiration those evidences of the Creator’s design and purposes 
that fell within its realm. 

In the contemporary state of knowledge Hutton certainly 
had valid grounds for asserting an absence of the sort of evi- 
dence which could support any theory of origins. Had Playfair 
confined his definition of the proper province of science to what 
geology could or could not describe in 1800, his consistency 
would be unimpeachable. But he went beyond that; 

The geologist sadly mistakes, both the object of his scieiite arid 
tlie limits of his understanding, who thinks it his business to e^xplain 
the means emplityed by Tnpinite Wisdom for establishing the laws 
which now govern the world.*® 

Playfair assumed that God had created the world but that He 
had left no indications regarding when lie had done so. So far 
as the evidence we can follow reaches, the geological process on 
earth and the celestial machine in the heavens have always 
been the same, and beyond that science cannot go. 

He has not permitted, in his woiks, any symptoms of infancy or 
of old age, or any signs by which we may estimate their future or 
their past duration. He may put an end, ai he no doubt gave a 
beginning, to the present system, at .some d'^terminate period; b'lt 
we may safely conclude, that this great catastrophe will not be 
brought about by any of the laws now existing, and that it is not 
indicated by anything we can perceive.*'* 

The material universe, then, was not self-sufficient for Play- 
fair. It was created, it runs, and (maybe; it will be abolished, 
but science can consider only the running. Playfair thought of 
the function of geology as comparable to that of astronomical 
physics and of Hutton’s role as similar to Newton’s. Astro- 
nomical observation offers continually more detailed illustra- 
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tions of the operation of gravitational laws. Astronomers, how- 
ever, coniine their attention to describing how the laws work; 
why they should work is a question which scientists cannot 
answer and into which, therefore, science must not inquire for 
fear of degenerating into speculation. Playfair seems to imply 
that scientists must not undertake problems which do not offer 
some advance assurance of a successful solution. Theory will 
necessarily fail if it goes beyond a generalized description of 
appearances, but Hutton’s system was not open to this objec- 
tion. There was no more likelihood, thought Playfair, that it 
would be superseded than that Newton would pass into the dis- 
card. To be sure, both had been preceded by earlier syntheses, 
all of which had been overturned. But this gave no indication 
that Newton’s ideas would sliare the unhappy fate of Ptolemaic 
or Cartesian notions because Newton, unlike his predecessors, 
had at hand all the essential facts.^“ Hutton’s case was entirely 
analogous, and his theory was to be considered final: 

The outlines, at least, of geology have now been traced with 
tolerable truth, and are not susceptible of great variation . . The 

mass of knowledge is in that state of fermentation, from whifh the 
true theory may be expected to emerge.’*’ 

Playfair, then, came close to assuming that the boundaries 
of his understanding were the boundariet^ of possible under- 
standing, and he assumed further that the proper function of 
science is to describe phenomena without searching for the ulti- 
mate causes which, since they were divine rather than natural, 
are unsuitable subjects for empirical investigation. These seem 
odd positions for a champion of the untrammeled freedom of 
scientific inquiry. So too does Playfair’s admission of the im- 
portance of the recent creation of man, a point which he thought 
essential for religion. All of this, however, is simply to notice 
that Playfair was a product of his generation and that this 
generation, as reflected in its most emancipated .scientist, was 
still a long way from Huxley’s. Playfair was very far from re- 
garding man, even in his physical history, as a natural object 
like any other. For him, too, religious truth was served by the 
process of suggesting final causes through an observation of 
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the current operations of nature. Playfair did, of course, clear 
the worst theological hurdles from the path of geological in- 
vestigation. In order to eliminate religious obstructionism, he 
confined the scope ot science to the consideration of the sort 
of phenomena which are observable in the present course of 
nature. But this definition of the function of science appears 
itself to have been determined by an unconscious adaptation to 
the needs of the moment of preconceptions arising from sources 
not altogether unlike the ones Playfair decried. Science, in 
Playfair’s view, must push its inquiries only to the point where 
the Creator ended his direct activities. 

2 

Playfair and his fellow Vulcanists possessed no such ex- 
ilusive vehicle for the interchange and propagation of Hut- 
tonian ideas as wa.s afforded Jame.'^on by the Wernerian Society 
and its Memoirs. Because of this, perhaps, as well as because 
of the essentially more scientific character of their geological 
.system, the Vulcanists never became as doctrinaire as thtir 
opponents. After x8ii the publications of the (Jeohtgical So- 
(iety in London offered them an outlet. .And on the layman's 
level the Edinburgh Review, to which Playfair was himself a 
frequent scientific contributor, was always friendly to their 
system. Vulcanist literature, however, is much less voluminous 
than Xeptunist. Most of it ia included in Hutton’s own volumes, 
in Playfair's Illustrations, and in occasional papers in the jour- 
nals mentioned. Until i8ii only the Transartions oj the Royal 
Society of Edinburgh were particularly useful to the school, 
but the editors never devoted more than a fraction of their 
.space to geological researches. Nor was that fraction reserved 
exclusively for Huttonian geologists, although the first volume 
carried Hutton’s theory as it originally appeared in outline.^^ 

The Huttonians expressed no sense ot n.Ission in their peri- 
odical literature. They adopted Hutton’s general manner of 
thinking quite as a matter of course, and they made no difficulty 
about differing from him in detail. Since what they accepted 
from him was a method and an attitude rather than a body of 
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truth, they were not, as the Wernerians were, “peculiarly fet- 
tered, by an ideal necessity of supporting the principles of their 
master.” Except for Playfair and Sir James Hall, Thomas 
Allen, the author of the opinion just quoted, was the most pro- 
lific Vulcanist contributor to the Transactions. His attitude to- 
wards Hutton exemplifies the difference in approach between 
the contending geological schools. In an article “On the Rocks 
in the Vicinity of Edinburgh,” he remarked: 

This was the ground which, in all probability, first suggested the 
Theory to Hutton ; and it was perhaps here, that his comprehensive 
mind originally laid the foundation, of the structure which he after- 
wards so successfully reared. But that theory, in itself so beautiful, 
and in many points so perfect, I am very far from embracing en- 
tirely. I am very far, indeed, from following him through his forma- 
tion and consolidation of strata, or the transportation and arrange- 
ment of the materials, of which they are composed. There are other 
circumstances also, which, though totally irreconcilable with any 
other hypothesis, are yet imperfectly explained by his.^” 

Allen, in fact, disagreeing with Playfair, thought geology not 
yet ready for any comprehensive theory. And despite its terrible 
fallacies, he allowed Jameson’s Wernerian Society credit for its 
accomplishments in the cla.ssification and identification of min- 
erals, functions which were too much neglected by his fellow 
Vulcanists.*” 

.Sir James Hall, much more in.strumental than Allen in es- 
tablishing Huttonian dynamics, also eventually expressed dis- 
sent from many fundamental features of the original theory 
though for reasons very different from Allen’s. Among scien- 
tists Hall’s solid experimental demonstrations of two essential 
assumptions of Hutton’s formulation may well have weighed 
more heavily than Playfair’s eloquent but essentially argumen- 
tative presentation of V’^ulcanist viewpoints. Sir James had 
originally viewed his friend’s theory with considerable mis- 
giving. Much of it came to .seem convincing to him, however, 
and after Hutton’s death he succeeded in devising experiments 
which demonstrated, first, that mixtures of melted minerals 
may be solidified either in crystalline or in slaggy form by vary- 
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ing the rate of cooling, and, second, that mineral carbonates 
retain their carbon dioxide when heated under huge pressures. 
These experiments reproduced in miniature the processes 
which, according to Hutton, are responsible for the formation 
of rock strata under the conditions prevailing in the earth’s 
crust. Sir James, therefore, performed Vulcanism a great serv- 
ice, and he himself subscribed to the ideas of the igneous 
formation of rocks and of the consolidation of strata by 
compression. 

The mode of rock formation, thought Hall, was the essen- 
tial part of the Huttonian theory.““ He di.ssented cmpnatically, 
howevei, from the contention that current forces done, op- 
erating over vast periods, could have brought about all ob- 
servable geological changes. 

To this opinion I could never subscribe. . . I still believe, that 
vast torrents, of depths 'sufficient to overtop our mountain ^ have 
-.wept along the .surface of the earth, excavating v allies, undernrining 
mountains, and carrying away whatever was unable to resist such 
powerful corrosion. If such agents have been at work in the Alps, it 
IS difficult to conceive that our countries should have been spared.-® 

In offering his diluvial views, Hall cited his own and Saus- 
sure’s Alpine observations, and he expanded his lonrcption in 
a later series of articles entitled “On the Revolutions of the 
Tarth’s Surface.” Here he reasserted his allegiance to what 
he deemed were the kernels of Vnlcani.st thought — subter- 
ranean con.solidation and mountain uplift. The body of his ma- 
terial, however, was devoted to exhibitii.", evidence for a uni- 
versal debacle, in the form of a cataclysmic toTeni which had 
llowed high and deep over the Alps. He pointed to the archi- 
tecture of river valleys and to the scoured appearance of inland 
basin.s. He made analogies to the tidal waves of Lima and 
Lisbon, and he referred to the old stand-by of Mo uic geologists, 
the bones of tropical dinosaurs found in Sib* ria. His continents, 
too, rose violently in sudden revolutions, not gradually and 
imperceptibly as Hutton had proposed.^® 

In all this, of course. Hall was anticipating the position of 
the later catastrophists, who would regard the Theory of the 
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Eartfe as the veiy foundation of modern geology while restating 
the Mosaic rationale in such a way as to take care of univer- 
sally accepted conceptions. An intrinsic feature of all suilt 
systems would be a far more scientiiic presentation of Deluc’s 
basic distinction between current causes and tho.se which have 
ceased to act Sir Janies himself had no intention of going ove*- 
to his Neptunist opponents in making these qualifications: 

In thu*? controverting some of the collateral opinions of Dr 
Hutton and Mr. Playfair, I venture to i.ope that my arguments 
which have been founded on their principles, and which have led 
me to acciuiesce in their most general and important conclusions 
may tend less to weaken, than to confirm, the result of their immor- 
tal labours.^® 


Actually, however, the opinions which Sir Jame.s contro- 
verted weie not collateral. He was proceeding upon principles 
the opposite of Playfair's w'hen. having imagined a torrent 
swwping out of the northwest, he searclu*d about for its vestiges 
The essence of Huttonianisni lay not in specific details of 
weathering, denudation or ujdift but in its attitude towards 
natural histoiy. Sii Jame^ Hall's adherence to diluvial theories 
is an illustration of how the originally anti-Mosaic formulation 
of \'ulcanisni could be worked into a new providential .synthesis. 
As yet no one cjnc'-tioned the historical credibility of the flood, 
and it was the Hood whii h would excuiiually serve as the vehicle 
tor c atast rophist natural history 

3 

During the more* vc'hc'inent moments of geological dispute. 
Edinburgh had been carried along on the c rest of the Neptunist 
w'axe to hcMghts of controversial passion never attained in 
London. In London the adherence of most inquirers to either 
school had been fairly well defined, to be sure, but what with 
distance and a more remote acquaintanceship with the leaders, 
the disuission was a rather pale relleciion of the antagonisms 
developed in the northern capital. The Geological Society of 
London, therefore, founded in 1807, could unite the talents of 
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Vf'ptunists and Vulcanists in an organized approach to further 
Mvestigation. As Dr. Fitton pointed out in 1817, in reviewing 
ht third volume of the Socieh s Transcctions, they became 

neither Vulcanists nor Neptunists, nor Wernerians nor Huttonians, 
but plain men, who felt the importance of a subject about whuh 
they knew very little in detail; and, guided only by a sinceie desise 
to learn, they ha\e produced, with a rapidity that is truly suipiis 
ing. publicaliojis, ol the greatest interest and importance, upon the 
'•ubjects to which they have deioted their attention 

The next fifteen years would show Fifton’s \iew to have hern 
overchtcrful. He was writing in a lull between two stoims. 
when geologists were engaged in mastering the detail*; opened 
to tliom by William Smith’s discovery of paleontological method, 
applied through an approach which, whether they realized it 
or not, was Huttonian. Controversy was to be renewed once 
the new material was sufficiently absorbed to afford a rV.ascm 
able basis for restatement of the old, often unsiioken issue*, 
underlying Neptunism. 

Although William Smith was not the founder of a school 
of geological interpretation, his work w*as of far greater per- 
manent value than the arguments of V^ulcanists and Xcptunisls 
\n essential condition for the progress of a classifu atory sci- 
ence is that it should employ a fruitful system ol classifuadon. 
and if geology owed many features of its dynamic theory to 
Hutton and his followers, who were also the first to approach it 
wdth a really scientific attitude. Smith provided tlie science wdth 
Its descriptive methodology almost single handed Later on the 
attitude might waver when advancing teennique threatc ned cer- 
tain sacrosanct and originally unquestioned notions, but there 
was never again any doubt that the proper way to inv<*stigate. 
classify, and describe stratigraphical stiucture was by' m'^ans 
of the characteristic fossil content of successive formations. 
Werner had already prepared the way fo.' the organized study 
of stratigraphy by the emphasis his theory accorded the doc- 
trine of geological succession, and in this respect he performed 
the science a service But his deceptively simple chronology, 
based upon the mineralogical character of rock formations. 
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could lead only to hopeless confusion. Hutton, on the other 
hand, had become absorbed in his endless cycles of degradation 
and upheaval to the exclusion of notions of sequence,^® Neither 
school cast more than a passing glance at fossil remains. In 
France, meanwhile, the researches of the Abbe Giraud-Soulavie 
among fossil shells had attracted only slight attention. La- 
marck’s systematization of invertebrate zoology appeared be- 
tween 1815 and 1822, and Cuvier’s Recherchcs sur les ossc- 
mens fossiles in 1812.“® Between them they established the basis 
for later biological developments in vertebrate and invertebrate 
paleontology, although Cuvier disapproved violently of La- 
marck’s evolutionary theory. In addition, Cuvier and Bron- 
gniart published in 1811 a memoir on the structure of the Paris 
basin, as clear a descriptive exposition of a universally regular 
succession of strata as had ever appeared.’® 

It was left for William Smith, however, an obscure drainage 
engineer, to discover in the fossil contents of rocks the clue 
with which to unravel the correct succession of strata. He 
formed his theories and multiplied his observations between 
1791 and X799, but a constitutional aversion to literary effort 
left their propagation to the conversations, correspondence, and 
publications of his not very prominent acquaintanceship.’’ In 
1815 he finally got out his famous map of the strata of England 
and Wales.®’ Adam Sedgwick’s presidential address to the Geo- 
logical Society in 1831 summed up the impact of Smith’s tech- 
nique upon the next generation of geologists: 

He saw particular species of fossils in particular gioups of 
strata, and in no others: and ... he proved (so early as 17Q1) 
the continuity of certain groups of strata, by their organic remains 
alone, where the mineral type was wanting . . . Having once suc- 
ceeded in identifying groups of strata by means of their fossils, he 
saw the whole importance of the inference — gave it its utmost ex- 
tension — seized upon it as the master-principle of our science — 
by help of it disentangled the structure of a considerable part of 
England.®* 

These remarks were intended as a belated recognition of 
Smith’s contributions to the science. The importance of his re- 
searches was not widely appreciated before the 1820’s. Smith 
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himself had not been offered a fellowship in the Geological 
Society,®^ which at the time was concerned with consolidating 
the victory of Huttonianism in such a way as to smooth over 
the memory of what were generally felt to have been the dis- 
creditable Neptunibt-Vulcanist controversies. In the decade be- 
tween 1810 and 1820, the growth of the Geological Society of 
London paralleled the decline of the Wernerian Society in Edin- 
burgh, Jameson himself eventually gave up the active publi- 
ci^ing of Neptunist interpretations. The second edition of his 
System 0} Mineralogy, published in 1816, no longer included 
the outline of Wernerian theory which had formed volume III 
of the oiiginal edition.”® Its place was taken by a d.'seriptive 
classification of the metallic minerals. 

In the London group there was no single figure occupying 
a dominant position or exercising an influence similar to Jame- 
son’s in the Wernerian Society, though the early membership 
included many younger men later to be outstanding. George 
Bellas Greenough was the fir.st president of the Geological 
society and among hi-, original associates were Humphry Davy. 
Dr John Macculloih, Leonard Horner, William Phillips, author 
of one of the best of the early texts,®’’ and, curiously, David 
Ricardo, a member of the first council Fitton first appeared 
at a meeting in 1810, Ruckland and Conybeare in 1811, Sedg- 
wick in t?i6, I)e la Beche in 1817, and Lyell in 1819, Corres- 
ponding fellowships were offered to I’layfair and Hall, Kirwan 
and Jameson, and to the Reverend Joseph Townsend, w’ho finst 
fully publicized William Smith’s researches By 1820, the Geo- 
logical Society had gathered the protag<<nists of both earliei 
schools into at least formal association with men of the .suc- 
ceeding generation who would lead new departures into catas- 
trophism and uniformitarianism. 

Inasmuch as the initial volumes of the Traniartions assumed 
increasingly the character of purely descriptive compilation, 
they do not lend themselves to easy sumnia' Ization ” The most 
common topics developed in the early papers were structural 
geology, Urology, mineralogy, and applied geology. Almost 
from the start the Geological Society manifested a conscious 
awarness of the economic utility of its members’ investigations. 
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Nearly every contributor felt impelled to suggest possible eco- 
nomic consequences of the mineralogical characteristics of 
whatever district he happened to be describing. Some few of 
the articles were almost nothing but technological economics.®** 
In commenting upon the happy results to be anticipated from 
cooperative research, the charter cotmcil remarked: “It would 
be superfluous to enumerate the many advantages which may 
be derived from geology: it is sufficient to observe that . . . 
practically considered, its results adm’t of direct application 
to purposes of the highest utility.” ®® In the same connection, 
the society’s gratifying and unexpected increase in numbers 
raised high its hopes for the immediate establishment of a geo- 
logical museum, a library, and a central clearing house for 
advice on imperial mineralogical opportunities Such worldly 
interests created before long an intellectual atmosphere very 
different from the proselytizing zeal characteristic of the Wer- 
nerian Society. 

Though generally Huttonian, the Geological Society did not 
wi.sh to identify itself as an organization with any particular 
system 

In the present imperfect state of this science it cannot be sup- 
posed that the Society should attempt to deride upon the merits of 
the different theories of the earth that have been proposed In the 
communications, therefore, which are now submitted to the publi'', 
every latitude has been allowed to authois, with regard to their 
theoretical inferences from the observations they record 

The Council could consider itself fairly safe in according such 
license, for none of the contributors felt particularly inclined 
to take much advantage of it. 

This changing emphasis in professional circles may be fol- 
lowed in its transmission to the readers of the Edinburgh Re- 
view. Since Playfair was an early associate of Sydney Smith and 
Francis Jeffrey and himself contributed a large number of 
scientific articles, the Edinburgh was never, of course, \'ery 
sympathetic towards Neptunist literature.^' Playfair, naturally 
enough, was inclined to use a book review as a vehicle for 
attacking the whole Wernerian school. His articles add little 
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to his earlier publications.*^ Other writers were not personally 
involved in controversy to so great an extent, however. W. H. 
Fitt®n, for example, in reviewing volume I of the Transaction:,, 
described geology as originally 

a species of mental derangement, in which the patient raved ton tin 
ually of comets, deluges, volcanos and earthquakes, or talked of 
reclaiming the great wastes of the chaos, and cont’erting them into a 
terraqueous and habitable globe This unieal mockery, howevei, 
though it has endured long and continued even to the present day 
IS now vanishing and melting into air. 

And though Fitton was himself synipathctit to Hutton, ho 
readily admitted “the theory of Werner, of all others the most 
in vogue at the present moment [1811],” to be “laid on foun- 
dation.N broader than any of the former” — bioader, that u, 
than any otlier previous to Hutton’s " 

Six years later, when he reviewed the succeeding \olunie 
ot Transactions, P'ltton no longer regarded theoretical ques- 
tions a.s of any great significance Instead, be ieit contirmed in 
his earlier remarks “on the utility of such division of scicmtific 
labour, and on the probable advantages of this particular In- 
'•titution.” 

In looking generally over the papers lontained in the volume, 
we are struck by the collateral eviclence they afford to one inlei("'t 
ing fact in the present state of science: - we mean, the tendency, 
in all its branches, to assume a character of stiict exjieiiment 01 
observation, at the expense of all hypothc.sis, and even of modeiate 
theoretical speculation. . . 

Matter-of-fact methods have lately been gaining ground in geol- 
ogy, as in other sciences hypotheses are scarcely' listened to, and 
even the well-organized theories which, a short time since, created 
so much controversy, receive in this day little attention or 
comment.^* 

The Edinburgh Review had taken a il’^ely interest in the 
controversies which preceded this happy state of quiescence — 
nearly every other issue printed something about geology The 
editorial policy of the Quarterly Review, on the other hand, 
illustrates the intellectual lag betw'een a formulation of scien- 
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tific attitudes and its comprebension by tbe public. Although it 
was much impressed with the persuasiveness of natural theol- 
ogy, the Quarterly was never so interested in science its^Sf as 
the Edinburgh, and from its foundation until after Darwin’s 
time it invariably adopted the obstructionist position in each 
successive interpretative controversy. In 1809, it made no doubt 
about the Neptunist leaders’ acumen, genius, and accuracy. 
Only in their hands had “geognosy’’ become a science, its most 
faithful presentation to be found in ti>e works of Jameson.*’’’ 
“His system is by far the most important which we have in 
our language: and indeed the only one by which the student 
can hope to investigate species.” *® With that, however, the 
Quarterly lapsed into a geological silence unbroken until 1823. 
when it hurled its hat into the air over Professor Buckland’s 
nev^ly published Reliquiae Diluvianae.*'^ This work was the 
opening gun in the catastrophist controversy of the next two 
decades, but the Quarterly completely misunderstood its basis. 
The notice credited Buckland with having finally overthrown 
Hutton’s atheistic and fallacious synthesis. The reviewer did 
not understand the way in which Buckland was reinstating 
Mosaic interpretations. Buckland had attempted, with con- 
.siderable succes.'', to build Vulcanisin into his own paleonto- 
logical approach solidly enough to serve as the foundation for 
a providential theory. To the Quarterly, however, geology still 
consisted of two S( hools. One had tried to bear out the Biblical 
account in a series of well-meant but unfortunately uninformed 
and ephemeral cosmogonies. The other school, the Huttonian, 
whose theory was “so extravagant, so gratuitous, so utterly 
unsupported by fact or testimony,” had “boldly maintained 
opinions respecting the history of the globe, wholly incompat- 
ible with the truth of that volume in whatever way inter- 
preted.” 

In fact, however, in 1823 when these remarks were pub- 
lished, the Huttonian theory had not been a controversial sub- 
ject for ten years or more. Among the geological publications 
of this period were four reputable manuals written to popularize 
the subject among intelligent laymen.*® Although two of the 
authors, William Phillips and George Bellas Greenough, were 
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professional geolo^ts. the other two, Robert BakCTdl add 
William T. Brancle, were not. Geology was still not so tech- 
iiical that one need specialize in it in order to master the ma- 
terial well enough to write a good textbook. Bakewell was a 
free-lance land surveyor who undertook to restore impover- 
ished estates to affluence by discovering mineral resources. 
Brande, the secretary of the Royal Society, was Davy’s im- 
mediate successor as professor of chemistry at the Royal 
Institution, and he continued to lecture there on both chemi><try 
and geology throughout the iSzo’s.'*® Davy himself had lec- 
tured on geology in his early years at the Royal In.>titution,®‘ 
though he gave it up after the great success of his eleciro- 
cheniical researches had established his reputation and, with it, 
that of the Royal Institution. The manuals by Phillips, Green- 
ough, Brande, and Bakewell enjoyed a steady sale. The four 
authors adopted Huttonian expressions and described rocks 
and ridges in a Huttonian manner without troubling to offer 
any comprehensive explanation. All of these writers were apt 
to be .scornful of theorizing and to feel rather consciously .su- 
perior to controversial questions. They expressed themselves 
as interested in other, more practical matters. Like the official 
publications of the Geological Society, their hooks implored 
the people at large to understand geolog>' because at no time 
had there existed a more pressing necessity for the countrj' to 
make the most of her natural resources. Geology, they agreed, 
like all sciences, had also a useful contribution to make to 
religion, but to fulfill this function it must keep clear of inter- 
pretative exegesis in order to concentrati on exhibiting material 
design. 

The value of every science must ultimately rest on its utility, 
but in making the estimate we ought not to guided alone by 
motives of narrow gain. The o’ojects of nature appear destined to 
answer two purposes; the one, to supply O’* physical wants of the 
various inhabitants of the globe; and the other, to excite our 
curiosity, and stimulate our intellectual powers to the discovery of 
. . . the contrivance of the Divine Artist, and the ends and uses of 
the various parts,®* 
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This was the general tenor of the literature, most of which 
was good, clear exposition. Partly because it did eschew com- 
prehensive interpretation so relentlessly, there were certain 
traditional beliefs — notably the belief in the flood — which 
were never questioned. These implicit limitations upon scien- 
tific objectivity are most clearly apparent in the work of 
George Bellas Greenough, first president of the Geological 
Society and principal author of its geological map of England.’’’’’* 
As a by-product of this endeavor, Greenough published A Crit- 
ical Examination oj the First Principles oj Geology, which he 
intended for the general public and which appeared in 1819. 
His object was simply to show up the fallacies in all prevailing 
.systems. He made no effort to replace them with any ideas of 
his own. Greenough devoted a chapter to each of the various 
classes of phenomena, stratification, for instance, or mineral 
veins, and pointed out how every theory failed to account for 
all the evidence On the whole, the book wa^* an ingenious and 
a well-informed performance. 

By 1830, however, when Lyell's Prirniplcs oj Geology ap- 
peared, Greenough was one of that writer’s most bitter critics 
and was among the n\o.st doughty supporters of the cataclysmic 
theory. This is not so surprising a position for him as it might 
.seem. Greenough’s objectivity, like that of his generation of 
naturalists, was always a relative affair. To be sure, his Ctiiical 
Examination had ruthlessly exposed the errors of observation 
and classification committed by Werner. Jame.son, and tlieir 
followers.'** He had been just as severe about this as about the 
theoretical excesses of the Huttonians."’'’ I^eaders of both parties 
had been guilty of attempting an explanation of geological 
dynamics instead of simply describing what they had observed 
Nonetheless, though Greenough made no conscious distinction, 
his criticism of the two prevailing schools failed to strike a 
balanced emphasis. For his objections to the Neptunists were 
almost always on the score of observation and definition, while 
his dissent from Vulcanism arose from its theoretical interpre- 
tations and seldom from erroneously described phenomena. 
The reason for this is quite simple. The possibility of there 
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never having been a universal deluge had not crossed Green- 
ough’s mind.®* 

He did not pretend to know himself how the flood had come, 
or what its mechanism had been. A whole section was devoted 
to examining and discarding the suggestions of those who 
claimed to have explained it. Not a comet, not a resurgence of 
Werner’s primeval brine, not a collapse of ancient continents, 
no one of these — nor any of the other popular causations — 
was a sufficiently satisfactory agent.®'' Gieenough showed very 
easily what the flood was not. But about five or six thousand 
j ears ago, long after the origins of the solar system and shortly 
after the creation of man, all the continents had undoubtedly 
been overwhelmed by a cataclysmic deluge. None of this had 
to be presented controversially in the Critical Examination. 
The flood itself was not a jpeculative matter in 1820. 

4 

Reading the geological hlerature of the iS^o's and after, 
■wriiinga not remarkable for originality of expression, one be- 
comes a little w’eary of waiting tor the inevitable tribute to Wil- 
liam Smith as '‘the father of English geology.” Since the trea- 
tises published before 1820 made no use of his .nethod.s, it is 
apparent that for some time the child had not known its father ; 
and the nature of its upbringing is indicated in the fact that 
the first complete account of mith .s rerearches reached the 
{)ublic in a book by his friend, the Reverend Joseph Townsend, 
entitled The Chara<'tir of Moses EstaMislud for Veracity ns 
an Historian, Recording Events jrom the Creitton to *he 
Ddusr:"^ 

Smith attained recognition as an engineer before anyone 
was interested in his fos.sil re-earches. At a time when only 
Townsend and a few close friends knew abou< the latter, he 
was much sought after for his .success w’th canals, mine and 
swamp drainage, and water prospecting. Smith himself attrib- 
uted his engineering success to his knowledge of the structure 
underlying the waterways, the mines, and the f(*ns.°® Indeed, 
in his view, the function of science was simply to facilitate just 
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such concrete results. Science had no other uses^ no end in 
itself. He could, be wrote in 1799, “with ease trace each stratum 
of this country, from the chalk hills down to the coal,” but he 
would not experience “the smallest wish whatever to appear in 
print, if it were not for a hope that some of the observations 
might be of service to the public.” Science ought primarily 
to promote manufacturing by discovering the most profitable 
utilization of natural resources. Only so could England increase 
her material and commercial wealth and maintain her hard- 
won preeminence among the nations.** 

With such an objective, and in the very nature of his ac- 
complishments, Smith’s own interest in geology was purely 
descriptive. Although he worked out his methods during the 
height of the Vulcanist-Neptunist alarums and excursions, he 
paid no more attention to their theories than they to his fossils 
and drainage projects — of the former, indeed, they were neces- 
sarily ignorant for many years. Since .speculative controversy 
toncerned him so little, it is scarcely surprising to find Smith, 
in 1798, like mo.st of his ( onlemporaries, simply assuming the 
deluge as a historical fact. Its effects, he once remarked cas- 
ually, “are very visible upon the surface of the earth, and to 
a great extent beneath.’' He was referring to the evidence of 
unpctrified animal remains often found in alluvial deposits, 
the same evidence which Buckland later exploited as the basis 
for an entire system of geology. In the same fashion Smith 
.sometimes permitted hiniiell a conventional expression of ap- 
probation for the regularity, order, and utility of the Creator’s 
arrangements.®' 

It may not, therefore, seem .so surprising that the veracity 
of Moses .should have been the first geological generalization 
to rest upon the new paleontological approach. Joseph Town- 
send’s book enjoyed considerable success, sufficient to call forth 
a new edition in 1815. which included a second volume. Re- 
cording Events Subsequent to the Deluge . Mosaic credibility 
in the postdiluvian epoch was established by comparative phi- 
lology, but in the original, antediluvian volume, Townsend de- 
voted the major portion of his scholarship to geological evidence. 
Nor was the work by any means entirely silly. Townsend and 
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the Reverend Benjamin Richardson, Smith’s other early patron, 
had won reputable amateur standings as naturalists. Townsend 
gave full acknowledgment to Smith’s originality, claiming for 
his own descriptive chapters only that they were the result of 
“this extraordinary man’s’’ researches.^’' Actually, Townsend 
presented the methodology for determining stratigraphical suc- 
cession in a much more lucid fashion than Smith had ever 
managed to achieve. 

Before proceeding to the argument, Townsend undertook to 
set forth the evidence. “My object in this part of my work is 
to enable my readers by means of extraneous fossils, to dis- 
tingui.h the several strata of our island.”®® In order not to 
obscure the picture in details, he confined himself to tracing 
the stratigraphical succession from ('hichester northwest 
through Bath and South Wales to the Irish Channel. Then he 
compared this order of formations to that in other areas of 
England and in such parts of I'.uropc as he had investigated 
in his travels. These chapters,®^ compri'^ing the bulk of the 
book, are excellent .scientific description. They were directed 
to the layman’s understanding but without oversimplifying 
matters.®’’ Exxept for vocabulary changes, the work affords, in 
the main, a perfectly valid delineation even todaj’^ of the region 
he dealt with. Unlike Deluc, Townsend reported his observa- 
tions as if he had ne\ er heard of the Pentateuch. 

Because of the importance of his material, to scientists as 
well as to laymen, and his skill in handling it, Townsend’s at- 
titude towards the sciences of geology and natural history 
throws a particularly illuminating light upon the frame of mind 
characteristic of post-Neptunist investigation. Since he was 
one of Smith’s pupils, the practical applications of the subject 
impressed him mightily. A whole concluding chapter urged the 
advantages of geological knowledge upon the c ultivators of a 
large v'ariety of economic enterprises — agriculture, civil en- 
gineering, drainage, land reclamation, the building trades, high- 
way construction, brickmaking, sculpture, cloth manufacture, 
mining — and prospective benefits to each of these were illus- 
trated in detail.”® But this was no by means all: 
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The science of geology becomes of infinite importance, when we 
consider it as connected with our immortal hopes. These depend on 
the truth of revelation, and the whole system of revealed religion is 
ultimately connected with the veracity of Moses. 

The divine legation of Christ, and of the Jewish Lawgivers must 
stand or fall together. If the Mosaic account of the creation and of 
the deluge is true, and consequently the promises recorded by him 
well founded, we may retain our hopes; but should the former be 
given up as false, we mu«t renounce the latter.'^® 

The surprising thing is that Townsend, with this dreadful fear 
in his heart, was able to separate his descriptions of physical 
fact from the conclusions he drew. There is none of Kirwan's 
breathless and ill-tempered piety in the descriptive portions of 
his book. 

He would not, at any rate, take the easy Neptunist way 
out. On the evidence, Werner’s formation suites would not do.” 
Townsend, however, was very much unhappier about the Vul- 
canists. “How wild! How unfounded are these suppositions!'’ 
(He was writing in 1812, while the debate wa's still in progress ) 
Since he commanded a superior research methodology, Town- 
send was able to adduce some fairly acute objections to par- 
ticular Huttonian details But he never f)retended that these 
were his fundamental reservations, nor did he see any reason 
to conceal the difference between their theoretical attitudes. 
Hutton himself had, perhaps, not realized the consequences of 
his “succession 0) worlds, with no vestige of a beginning — no 
prospect of an end.” 

To religion in general this marvelous discoveij' is a matter of 
the most perfect indifference. It matters not how long the chain; we 
know where the first link must be suspended 

His object [Hutton’s], therefore, in this work was not to estab- 
lish atheism, but to justify his unbelief in Revelation and to make 
converts to his infidel opinions. He acknowledges, that there has not 
been found in natural history any document, by which a high an- 
tiquity might be attributed to the human race, the beginning of 
which, as he observes, the Mosaic history has placed at no great 
distance; but to the earth, in its present form, he gives millions of 
ages, and when he is speaking of the apparent disorder and confu- 
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sion in the solid parts of this globe, he says — there is no occasion 
for having recourse to any unnatural supposition of evil — to any 
destructive accident in nature — or to any agency of any preter- 
natural cause in explaining that which actually appears.’'* 

Here is particularly apparent the curious lack of confidence 
which men like Townsend felt in their religion. It was not 
enough that natural history should demonstrate the necessity 
for a first cause, a point which Hutton admittedly did not 
touch. What frightened Townsend, besides the threat to the 
Scriptures, w'as the implication that God was no more than a 
first cause. For Townsend to feel secure in his faith, God must 
also be a direct participant in the physical processes He had 
set in motion, and it must be possible to observe the evidence 
of His activities there. 

1 'hough he agreed with Kirwan and Deluc about the per- 
nicious charac ter of Vulcanism, Townsend did not follow them 
in offering a system of his own to replace it. Instead, like his 
fellow members of the Geological Society, he fell in with the 
emphasis of the school which had turned attention to the 
multiplication of piecemeal ob.servations, indifferent to the 
formulation of theories. “It is yet too early in the day to think 
of forming such a system, as may account for all the phenom- 
ena in nature.’’ All he could say was that obviously both 
fire and water had played a part in constituting the earth, 
though how he did not know. Ills deluge was an event, to be 
sure, but not a cause. He did, however, accept from Deluc the 
natural “chronometers” w'hich determined its date.’® 

A complete theory was neither possible nor particularly 
desirable. Tow'i.send did not pretend to verify the Sacred Record 
word for word, or even event for event. He only claimed the 
geological evidence to he everywhere consistent with the more 
detailed account of Moses. The rocks nowhere contradicted 
revelation. “The veracity of Moses, as an historian, stands 
therefore unimpeached by the natural evidence to be derived 
from the actual condition of the globe.” ” That being so, no 
one had any reason not to believe the Pentateuch. Provided 
geology protected Genesis in the main positions, the point at 
issue was established. Natural history had no need to make a 
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twice-told tale of Holy Writ. Once pseudoscientific theories 
which undermined Scripture were exposed in all their falsity, 
people would no doubt accept the Lord’s word on its own au- 
thority, as they had these many centuries. 

S 

The progress of geology had created serious difficulties in 
the relationship of natural history to its larger implications in 
natural theology. By 1820, however, the issues appeared to 
have been re.solved in satisfactory fashion. No one, not even 
the most liberal champion of scientific freedom, had questioned 
the propriety of the relationship itself. The age of the earth, 
to be sure, had been vastly extended, and the effort to connect 
Holy Writ directly to earth history was now felt to have been 
discreditable to all concerned. The actual origin of the earth’s 
surface could no longer be identified with specific scriptural 
events. On such matters as this, and on the relationship of 
theory to observation, the Huttonian attitude had prevailed. 

I'he main positions of providential natural history were 
still secure, however, at the end of this first round. No one 
denied the importance of the flood, nor its intimate connection 
with the history of the human specie.s. No one had impugned 
the recentness of the creation of man. Mutability of other 
species was seldom if e\er even mentioned,''* and the Creator 
had still to be immediately rc.sponsible tor the appearance of 
new forms of life.’’’ Hutton's emphasis on the uniformity of 
geological dynamics had been allowed to sink into abeyance. 
Nearly everyone, even Vulcanists like Hall, implicitly accepted 
Deluc's distinction between the present order of causes and 
.lome former, more powerful ones. 

Most important of all, everyone agreed that natural history 
must devote itself to exhibiting evidence of divine design and 
of material Providence To be sure, science was also priced for 
another function: for its utility to commerce, industry, and 
economic welfare. But this, though it may have occasionally 
aroused more real enthusiasm, was always presented as com- 
plementary to the higher purpose. 
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This large area of peaceable agreement, however, persisted 
only until the exploitation of paleontological method presented 
new difficulties and a new basis for the old disputes about the 
character of divine design and providential supervision. 
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His eloquence lulhd like the Dclu^je retiring 
Where nuslculnn carcases floated; 
lu a subject obscure lie gust charnis sc^ inspiring, 

Ycjung and old on geology doated. . 

Then exposer) to the drip oi sonic ease hardening spring 
Ills carcase let staliUiie covti, 

And to Oxford the pctrihcd sage jet us bring 
When ht is emrusud all ovei; 

Thei', niid niaininoths and noiochles, high on a shelf, 
I ct him Maiul d< a inonumttit raised to liiimcll 
jor Ptoj'ssoi Huc^hiiid^ 1^20^ 


I 

ROM 1820 TO 18^0, I’lofcssor William Ruckland was the 
foremost English geologist, the chief architect of the catas- 
trophist synthesis, and very probably the most talked-about 
scientist in Britain. Geologists, during these years, were very 
pleased with themselves.*' By adopting Iluttonian dynamics 
and by classifying their ob.servalifms according to organized 
fossil remains, they had (they thought) put their science on a 
firm, unassailable basis. Just about this time, too, Cuvier’s 
researches in comparative anatomy were being comprehended 
and were proving to he a powerful tool for further investiga- 
tions in all branches of natural history.' Apart from his great 
popularity as a teacher and a publicist, Buckland owed his 
prestige to two tilings; he exploited and extended Cuvier's 
methods very ably, and he returned natural history to the ex- 
plicit service of religious truth. 

The writings of Georges Cuvier formed the scientific bible 
of catastrophism. Interest aroused by his startling success in 





CATASTROPHIST GEOLOGY 


99 

the field of vertebrate paleontology directed the attention of 
most geologists towards the lessons to be learned from the 
bones of prehistoric monsters. Pursuit of these relics and the 
fascinating effort to reconstruct dinosaurs and flying reptiles 
made geology a subject practically identical with natuial hi^- 
tory. The more prosaic studies of petrography, stratigraphy, 
and volcanic action were relatively neglected during the years 
of Professor Buckland’s greatest popularity.^ 

Cuvier’s earliest statement of his views occurred in the 
paper he wrote with Alexandre Brongniart upon the structure 
of the Paris basin, published in rSrr.'^ In the following year 
appeared the great Rrehenhes mr Ics ossemnts jo\<iiks'' in 
which Cuvier set forth his completed theory of the earth in the 
Dhcouri. priliminaite. Thi> ])refacc, under the title Discouf 
w/r la rh'olutiom dr la surfaic du ghhe, was printed in nu- 
merous editions, many more than the parent work, though that 
loo enjoyed a steady sale for thirty years and more. Jameson, 
significantly enough, emerged from his Wernerian obscurity 
to publi.sh a tran.slalion of Ihe Diuours with explanatory notes 
of his own devising.^ It went through four editions between 
1817 and 1827. A much greater man than Werner, Cuvier has 
a permanent place in scientific literature; his argument is 
sufficiently well known and may be handily quoted in its 
essentials; 

The lands once laid dry have been reinundated several time'J, 
whether by invasions of the sea ot by tiansienl floods: and it is 
further apparent to whoever studies the legions liberated by the 
water in its last retreat, that these areas, now inhabited bv men and 
land animals, had already been above the surface at least once - 
possibly several times — and that they had formerly sustained 
quadrupeds, birds, plants, and terrestrial productions of all types 
The sea, theicfore, h.is now deiiarted from lands which it had pre- 
viously invaded. The changes in the height of the waters did not 
consist simply of a more or less gradual and universal retreat. There 
were successive uprisings and withdrawals of which, however, the 
final result wa« a general subsidence of the sea level 

But it is also extremely important to notice that these repeated 
inroads and retreats were by no means gradual On the contrary, 
the majority of the cataclysms that produced them were sudden. 
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This is particularly easy to demonstrate for the last one which by a 
double movement first engulfed and then exposed our present con- 
tinents, or at least a gieat part of the ground which forms them It 
also left in northern countries the bodies of great quadrupeds, en- 
cased in ice and preserved with their skin, hail, and flesh down to our 
own times. If they had not been frozen as soon as killed, putrefac- 
tion would have decomposed the carcasses. And, on the other hand, 
this continual frost did not previously occupy the places where the 
animals were seized by the ice, for they could not have existed in 
such a temperature. The animals were killed, therefore, at the same 
instant when glacial conditions overwhelmed the countries they in- 
habited This development was sudden, not gradual, and what is so 
clearly demonstrable for the last catastrophe is not less true of those 
which preceded it The dislocations, shiftings, and overturnings of 
the older strata leave no doubt that sudden and violent causes 
produced the formations we observe, and similarly the violence of 
the movements which the seas went through is still attested by the 
accumulations of debris and of rounded pebbles which in many 
places lie between solid beds of rock Life in those times was often 
disturbed by these frightful events Numberless living things were 
victims of such catastrophes, some, inhabitants of the dry land 
were engulfed in deluges; others, living in the heart of the seas 
were left stranded when the ocean floor was suddenly rai«ed up 
again; and whole races were destroyed forever, leaving only a few 
relics which the naturalist can scarcely recognize.^ 

The two main lines of evidence which catastrophists called 
to witness for their views are indicated in these paragraphs ” 
The first of these, the symptoms of mechanical violence on a 
very large scale, had, of course, excited the attention of ob- 
servers long before the rise of paleontological method. By their 
comprehensive generalizations from phenomena of this sort, 
theorists like Elie de Beaumont worked the permanent con- 
tributions of Vulcanism and Neptunism into the completed 
doctrine of geological cataclysms. Forces which have raised 
the continents and hurled great mountain chains into the 
clouds must have been very different from any agencies cur- 
rently in operation. Similarly, evidence of erosion and denu- 
dation led to a fairly universal agreement that such great 
upheavals had been followed by vast, torrential deluges of 
world-wide scope. 
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Complementary to this older sort of argument, and much 
more interesting to Buckland and his school, were the conclu- 
sions derived from e\idence of complete changes in the living 
things which have tenanted the fickle surface of the earth. 
Here the essential tool, of which Cuvier was both the inventor 
and the most productive technician, was the new science of 
comparative anatomy, with emphasis upon the great verte- 
brates This was the only method, thought Cuvier, by which 
one could successfully investigate the past, the number and 
order of global revolutions, and the history of creation.’” 
Morphological evidence disprovenJ the Lamarckian contention 
that evisting forms are derived from a gradual modification, or 
indeed from any modification, of earlier ones Limited varia- 
tions within a species have n'cunod (like Airedales and dachs- 
hunds), but sjiecifically characti ristic features have been con- 
stant since creation In stratigraphic successions, fossiK .occur 
in the chronological older of creation: fish, amphibia, reptilia, 
mammalia- (he older the .strata, the higher the proportion of 
c'tinct species No human fossils have turned up anywhere" 
Theretore. mankind must have been created at some time be- 
tween the last catastrophe and the one ptc^ceding it It was 
p*nba[)]v not possible to determine the exact d.itc* of the most 
I ('cent 1 evolution, but data derived from the rate of increase of 
deltas, sand dunes, and peat dejiosils made a reasonable ap 
proximation feasible: 

If there is any circumstance thoroughly c tablished ir geology it 
is. that the ciust of our globe has been subjectc'd to a gieat and 
sudden levolution the epoch of which cannot be datc'd much 
further back than five or six thousand vears ago, that this rev'olu- 
lion had buried all the countries which were before inhabited by 
men and by the othc r animals now best known that the small 
numbei of individuals of men and other animals that escaped from 
the effects of that gieat revolution, have since propagated and 
s])read over the lands then newly laid dry, and consequently, that 
the human race has only resumed a piogressivc* state of improve- 
ment since that epoch, by forming established societies, raising 
monuments, collecting natural facts, and constructing systems of 
science and leaining.’^ 
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Read out of context, this sounds as if Cuvier had not ad- 
vanced very far beyond Deluc. Such an impression would be 
misleading. Cuvier was a scientist of major importance. As 
against his permanent contributions to the biological sciences, 
his theory of intensive global revolutions is of only incidental 
importance. This chapter, however, will be concerned with the 
uses to which this theory was put in the hands of scientists who 
were less gifted, who were less cautious, and who had a very 
high respect for so convenient an authority.^'* 

2 

In the 1820's the popular conception of geology was prac- 
tically synonymous with the doctrine of catastrophes,'-'’’ and 
the reason for tliis was the success with which Buckland and 
Conybeare, Sedgwick and Murchison, and a host of amateur 
naturalists in the provincial scientific societies exploited and 
extended the avenues Cuvier had opened. The Geological 
Society was very conscious of its debt ; 

The lieautiful conclusion.s drawn from unexpected facts, the 
happy combination of mineralogical anti zoologiral evidence; the 
proofs of successive revolutioms, till then unheard of in the physical 
history of the earth - all these thine.s togeiher, not merely threw 
new light on a sulijett before involved in comparative darkness, but 
gave new powers and new means of induction to tho.‘>e who should in 
after time.s attempt any similar investigation.'*' 

The idea ot cataclysms, of course, was not new, but neither 
had it ever been scientific. It was the achievement cjf catas- 
trophist geology to dc'seribe the essential cataclysm as the 
last of -‘.successive revolutions’’ (the notion of .succe.ssion was 
already persuasive 1 and hence to invest it with the prestige of 
inductive respectability. 

Professor Buckland, much of whose work has survived the 
interpretation he put ujxin it, made his reputation as a teacher 
and a publicist before he had accomplished anything remark- 
able in the way of original research. His collaboration with 
Greenough secured him Oxford’s readership in mineralogy in 
1813; at that time Oxford had no teaching post in geology. 
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He was, apparently, a distinguished teacher. His lecture room, 
a terrible jumble of rocks, skulls, and skeletons, was famous 
all over the university. Buckland emphasized field work, and 
he would meet his classes in caverns and mud banks, where his 
habit of appearing always in top hat and academic robe added 
that touch of idiosyncrasy which often contributes to peda- 
gogical success. Almost all of Buckland’s professional col- 
leagues in the 1820’s, including Lyell, regarded themselves as 
his pupils. They had either studied under him at Oxford or 
had been introduced to geological investigation under his pa- 
tronage.” In 1819 his admirers in the Royal Society bestirred 
themselves to secure the endowment of a professorial chair in 
geology, a post which, wrote Sir Joseph Banks, “No one in 
England is so competent to fill.” 

Professor Buckland had never been indifferent to the more 
sublime implications of his studies Upon his elevation to 
professorial rank, a sense of the fitness of things and a w.arm 
admiration for his “noble subterranean scieiue” persuaded 
him to attempt to dispel the suspicions about it which an 
undercurrent of theological opposition had kept alive.’® He 
published his inaugural lecture, therefore, under the title, 
Vindidac Geologicac\ or, the Connexion of Geology with Reli- 
gion Explained, the objective being “to •shew that the study of 
geology has a tendency to confirm the evidences of natural 
religion ; and that the facts developed by it are consistent with 
the accounts of the creation and deluge recorded in the Mosaic 
writings.” After contending that the physical sciences should 
be “admitted to serve at least a subordinate ministry in the 
temple of our Academical Institutions,” Buckland urged 
that the study of our earthly abode had pressing claims to be 
included among the recognized moral and intellectual disci- 
plines. “What are its pretensions to this honor, and what its 
utility?” What, indeed? Not primarily its economic applica- 
bility, though geology need not shrink from other sciences in 
this important respect, for 

such views should be altogether objected to in limine as unworthy 
and unphilosophical. The claims of Geology may be made to rest on 
a much higher basis. The utility of science is founded upon other 
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and nobler views than those of mere pecuniary profit and tangible 
advantage. The human mind has an appetite for truth of every 
kind, Physical as well as Moral; and the real utility of Science is to 
afford gratification to this appetite. . . 

Now when it is recollected that the field of the Geologist’s inquiry 
is the Globe itself, that it is his study to decipher the monuments of 
the mighty revolutions and convulsions it has suffered, convulsions 
of which the most terrible catastrophes presented by the actual 
state of things . , . afford only a faint image, (the last expiring 
efforts of those mighty disturbing force*' which once operated,) these 
surely will be admitted to be objects of «ufficient magnitude and 
grandeur, to create an adequate interest to engage u*? in their 
investigation.®* 

The interrelations of geology with botany, /oology, chem- 
istry, astronomy, physics, and mathematics were obvious 
enough to require little laboring, but ‘‘as any investigation of 
Natural Philosophy which shall not terminate in the Great 
First Cause will be justly deemed unsatisfactory, I feel no 
apology to be necessary (or opening these T/efture^ with an 
illustration of tlie religious application of Geolc-gical sci 
ence.'’®“ Rucklands argument here outlined the pattern on 
which the w'hole gener.ition of scientific theologians or theo- 
logical scientists, did little ni tre than ring a remarkably nn- 
inspirccl set of changes First, the indications of the power, 
wisdom, and goodnes, of the divinity would be dememstrated 
from the evidences of design in his works, and particularly 
from the happy dispensation of eoal, iron, and limestone by 
which the Oninijiotent Architect, or the Divine Engineer, had 
assured manufacturing primacy to his British creation.®’ 
Palcy’s argument mav be somewhat sterile spiritually, but if 
the tastes of a reading public can be measured by the books it 
buys, an endless elaboration of the motif of divine “contri- 
vance” satisfied a steady demand in the 1820’s and 1830’s. 
Buckland, in his inaugural lecture, slanted this part of his 
thesis towards bringing out the beneficent relations subsisting 
between stratigraphieal structure and mineral resources, the 
interdependence of animal and vegetable creation, and the 
cleverly arranged situation of the earth in the solar system: 
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In all these we find such undeniable proofs of a nicely balanced 
adaptation of means to ends, of wise foresight and benevolent inten- 
tion and infinite power, that he must be blind indeed, who refuses to 
recognize in them proofs of the most exalted attributes of the 
Creator 

This sort of argument contained, of course, the seeds of its 
own destruction. For four decades prior to the publication of 
On the Origin of Species, the British public had enthusiasti- 
cally bought up volume after volume by one or another of the 
fellows of the Royal Society, each one tying additional illus- 
trative knots in the web which knitted the existence of a God 
to the unity of design exhibited in His works. But if the in- 
finity of physical adaptations on which this popular theology 
rested turned out to stem from their own interactions and not 
from a managing Providence, what became of the Supreme 
Lawgiver? However the question later developed, this stage of 
the difficulties between science and orthodox Christianity can- 
not be described as the protest of the .spiritually-minded 
against materialistic arguments. Actually, the notably unspirit- 
ual school which had fastened the Creator to His material 
creation was tlie one most bitterly opposed to His removal 
from manifestations in every detail thereof, and this had been 
tile case for many years before evolution was an issue. In the 
stream of popular literature, this point of view had become a 
way of looking not only at the physical universe but also at 
society, a way which found in the existing adjustment of every 
detail of natural and social relations the evidence, and hence 
the sanction, of divinely ordained natural necessity. 

Still, on the surface, the arguments centered around natural 
history. Buckland himself sensed some of the difficulties he 
might encounter, though scarcely in the way they actually 
developed. Without the assistance of the descriptive sciences, 
natural philosophy had, he felt, accomplished much, but not 
enough: 

The evidences afforded by the sister sciences exhibit indeed the 
most admirable proofs of design and intelligence originally exerted 
at the Creation: but many who admit these proofs still doubt the 
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continued superintendence of that Intelligence, maintaining that the 
system of the Universe is carried on by the force of the laws origi- 
nally impressed on matter, without the necessity of fresh interfer- 
ence or continued supervision on the part of the Creator. Such an 
opinion . . . nowhere meets with a more direct and palpable refu- 
tation, than is afforded by the subservience of the present structure 
of the earth’s surface to final causes; for that structure is evidently 
the result of many and violent convulsions subsequent to its original 
formation. When therefore we perceive that the secondary causes 
producing these convulsions have operated at 'uccessive periods, not 
blindly and at random, but with a direction to beneficial ends, we 
see at once the proofs of an overruling Intelligence continuing to 
superintend, direct, modify, and control the operations of the agents 
which he originally ordained.-® 

Once it is put together, a clock has no reason to fear, fo 
respect, or to obey its maker. It mu.st, then, be the purpose of 
science to exhibit the continuing and immediate supervision of 
divine Providence. The Creator must be shown to have moved 
the hands backward and forward from time to lime and to have 
replaced the works when they misbehaved. This was the 
province of natural history, and in this connection revelation 
was not at all irrelevant. It was, indeed, a necessary comple- 
ment 10 natural religion. .-Ml the difficulty had ari.sen from the 
effort to treat Genesis instead of the rocks as the source of 
scientific evidence. Like everything else. Scripture requires in- 
terpretation, thought Buckland, and the Werneiian conten- 
tions had been uncritical. The .six days, for <‘\ample, were to 
be taken figuratively. Thousands of ages may well have inter- 
vened between each act of creation and the next, and tens of 
thousands have preceded the deluge. Since wholly unconnected 
with th(‘ human race, these epochs had been passed over in 
silence by the sacred historian who, for moral purposes, had 
only to let us know there had been a beginning.-® 

liutkland repeated — and immediately disregarded — 
Bacon’s warning lest his readers “unwisely mingle or con- 
found’’ the book of God’s word with the book of God's works. 
Having disposed of the difficulties of an earlier, cruder genera- 
tion, he pointed out how the literal credibility contended for 
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by Kirwan was unnecessary because the empirical evidence 
does indeed confirm the Mosaic records on the two essential 
matters: 

The evidence of all facts that have yet been established in 
Geology coincides with the records of Sacred History and Profane 
Tradition to confirm the conclusion, that the existence of mankind 
tan on no account be supposed to have taken its beginning before 
that time which is assigned to it in the Mosaic writings. 

Again, the grand fact of an universal deluge at no very remote 
period is proved on grounds so decisive and incontrovertible, that, 
had we never heard of such an event from Scripture, or any other 
authority Geology of itself must have called in the assistance of 
some such catastrophe, to explain the phenomena of diluvian action 
which are universally presented to us, and which are unintelligible 
without recourse to a deluge exerting its ravages at a yieriod not 
more ancient than that announced in the Book of Genesis.^^ 

.Actually, Buckland had completed his empirical thefology 
before he stumbled upon the evidence which won it the most 
widesjiread .support, and which, incidentally, remain.s an en- 
during contribution to the progress of scientific knowledge. 
In 1821 some miners came upon a large cavern at Kirkdale in 
the Vale of Pickering in York.shire, in the rece.sses of which 
were deposited a tremendous quantity of assoited bone.s. 
Buckland heard about the discovery and hurried thither to in- 
vestigate it. The spectacular productivity of his researches 
created such an impression both upon Buckland himself and 
upon the interested public that he devoted all his professional 
energies in the next few years to seeking out similar caverns 
and exhuming their .skeletal contents. ’’I'he majority of the 
bones found in the Kirkdale cavern were those of hyenas, but 
a number of birds and a total of twenty-three other species 
were also represented in the underground gravevard, among 
them lions, tigers, elephants, rhinoceroses, and hippopota- 
mu.ses All the bones and skulls were cracked in the same 
way, and Buckland came to the conclu-sion that he had come 
upon a den of hyena-. He published his results in the Philo- 
sophical Fransactions for 1822“® — the paper won him the 
Royal Society’s Copley medal. His magnum opus, an idyll of 
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the caves which he entitled Reliquiae DUuviame, appeared 
late in 1823. It met with a paean of critical praise. Even the 
few who were opposed to his theoretical conclusions admitted 
the excellence and the value of his researches.*® 

It would be easy to smile at Buckland’s argument, except 
for two things. In the first place, it was widely accepted; and 
secondly, the Reliquiae, despite its thesis, presented scientists 
as well as the general public with a new and illuminating 
account of the past fauna of the European continent. In little 
more than two years, Buckland and his colleagues had ex- 
plored more than twenty caves in England and on the Conti- 
nent and had identified and classified the osseous remains 
buried in diluvial detritus. The sheer volume of the work 
attests his command of the principles of comparative anatomy 
and his ability to conceive and to execute so large a research 
project. His descriptive inferences as to the identity of specific 
relics are reasoned with painstaking validity. He vrent so far 
as to import a hyena in order to observe whether its behavior 
in its cage would reproduce the phenomena he had observed at 
Kirkdale and was delighted, according to Lyell, when he re- 
ceived “a letter from India about modern hyaenas whose 
manners, habitations, diet, etc., are everything he could wish, 
and as much as could be expected had they attended regularly 
three courses of his lectures.”*^ At the end of the century, 
Buckland’s books were still being used as college texts, even 
by so mundane a geologist as Boyd Dawkins.** 

Anyone who browses in the monuments of early nineteenth- 
century natural history learns, however, not to be surprised at 
the unlikely vehicles chosen for the description of important 
discoveries. The full title of Buckland s book ran. Reliquiae 
Diluvianae\ or. Observations on the Organic Remains Con- 
tained in Caves, Fissures, and Diluvial Gravel, and on Other 
Geological Phenomena, Attesting the Action of an Universal 
Deluge. And the dedication to Shute Barrington. Bishop of 
Durham, permitted itself to suggest how the work, “by afford- 
ing the strongest evidence of an universal deluge, leads us to 
hope, that it will no longer be asserted, as it has been by high 
authorities, that geology supplies no proofs of an event in the 
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reality of which the truth of the Mosaic records is so materially 
involved.” 

There would be very little profit in following Buckland 
into the details of his proofs, even though, as such proofs go, 
he managed to make them fairly convincing. In general, he 
sums up his description of each cave with an illustration of 
how it attests the universality and uniqueness of a deluge. 
The argument falls into a pattern predictable after the first 
cavern: Most of the bones are from species now extinct in 
Europe. They are never found in alluvial accumulations of 
peat, sand, and silt. There is no human testimony to these ani- 
mals ha\ ing existed in Europe since the flood. Therefore, they 
were interred m the caves prior to Noah's time. Further, the 
top layers of bones have been so perfectly preserved in mud 
and silt that they must have been buried suddenly and, judging 
by the quantity of postdiluvial stalactite covering the mud, not 
more than five or six thousand years ago. That such relics 
turn up only in caverns illustrates the violence of the last revo- 
lution and its total destruction of the face of the earth — 
though one wonders how Buckland could have thought his 
caves would themselves have been able to survive such a cata- 
clysm as their contents indicated. And lastly, there has been 
only one flood since the hyenas died, inasmuch as the mud 
encrusting the deposits is uniform throughout.®* 

Buckland had, of course, brought his researches into line 
with the two essential points set forth in his inaugural lecture 
of four years earlier: the reality of a flood and the recent crea- 
tion of man. In the latter connection, Buckland and his col- 
leagues were probably relieved not to discover any human 
remains which could not be referred to postdiluvial accumula- 
tions. One sometimes feels him to have been a little arbitrary 
here. Tn the cave of Paviland, for example, near a Roman en- 
campment, he dug up what he took to be a woman’s skeleton, 
dyed a rusty red and adorned with bits of ivory. She need give 
no cause for concern, however, for she was obviously a relic of 
a period later than that of the animals which were buried 
more deeply in the mud. In any case, whatever her value as 
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evidence, she was not, Buckland feared, a wholly respectable 
discovery: 

The circumstance of a British camp existing on the hill immedi- 
ately above this cave, seems to throw much light on the character 
and date of the woman under consideration ; and whatever may have 
been her occupation, the vicinity of a camp would afford a motive 
for residence, as well as the means of subsistence, in what is now so 
exposed and uninviting a solitude.^® 

3 

Buckland’s books have been treated in some detail, not 
because he was the only diluvial naturalist — far from it — 
but because he was the most widely read and the most success- 
ful in identifying Cuvier s ultimate cataclysm with the Biblical 
flood In doing so, he exploited i)rimarily a single line of re- 
search and one with considerable romantic ai)peal There has 
always been something intriguing and mysterious about caves 
But during this same period, the publications of the various 
learned societies gradually worked the whole of natural history 
into the same framework. The result was that prevailing inter- 
pretations, whether derived from paleontological, petrograph- 
ic al, or stratigraphical researches, generally reejuired the archi- 
tectural agency of a torrential deluge to explain the present 
appearance of the surface of the earth A summary of the evi- 
dence will be sufficient: the sluicelike conformation of hilh 
and valleys, the pattern of drainage basins, the occurrence of 
gorges, ravines, and water gaps torn through mountain masses, 
and of buttes and mesas separated from the parent formation 
by valleys of denudation : immense deposits of gravel, carried 
from distant rc'gions, on hills and slopes where no river ever 
could have drifted them; the nature and condition of organic 
remains in diluvial gravel; the consistency of similar phe- 
nomena all over the world; the impossibility of referring such 
vast effects to the puny forces of weather and erosion; the 
harmony of the rate of changes now going on (delta-building, 
coral reefs, lava accumulation, the formation of ravines, silting 
in lakes and rivers) “with the hypothesis which dates the 
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origin of all such operations at a period not more ancient 
than that which our received chronologies assign to the 
deluge.” 

Diluvial geology, unlike its Neptunist ancestor which arose 
with the explicit mission of confounding Huttonian infidelity, 
succeeded in winning, for a time, nearly unanimous assent both 
to its assumptions and conclusions, though these were prac- 
tically the same thing. Buckland came out right where he went 
in, with the ark, but he brought with him a lot of new informa- 
tion picked up in the course of his circular progress. Serious 
uniformitarian objections date chiefly from iS^^o, when 
Charles Lyell published the first volume of his Privciplp<i of 
Geology, paying, incidentally, respectful tribute to his former 
teacher’s contributions to the science by dedicating it to 
Buckland. As late as 1826, LyelFs correspondence indicates no 
divergence from the prevailing mode of interpreting diluvial 
phenomena. Nor. of course, did the surviving leaders of the 
older generation, men like Greenough or Macculloch, make 
any difiiculty about accepting the empirical verification of 
their own presuppositions. In 1826, to be sure, George Poulett 
Scropc attacked the diluvial theory in a book about volca- 
noes,'*'^ a treatise which was important in shaping Lyell’s more 
comprehensive uniformitarian views. But Scrope’s book .seems 
not to have aroused much comment from the catastrophists 
who, in any case, could easily grant his demand for “almost 
unlimited drafts upon antiquity”'*’* from the ample reserve of 
antediluvian time which their own theories required. FA'en W. 
H. Fitton, perennial geological contributor to the Edinburt’h 
Review, who of all English geologists was the mf)St consistent 
in his suspicion of attempts to frame comprehensive theories 
from inadequate data, did not oppose the Buckland-Cuvier in- 
terpretations in the twenties.'**® 

These were the years when Adam Sedgwick and Sir 
Roderick Murchison were laying the foundation of the collab- 
oration which resulted in unraveling the entire Paleozoic sys- 
tem, still vaguely dismissed with such descriptive appellations 
as “primitive rocks” or “greywacke.” In conjunction with his 
friend, Sir Humphry Davy, Lady Murchison had persuaded 
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her husband, at the age of thirty-two, to become a scientist. 
Until then he had devoted his energies chiefly to fox hunting. 
Since geology was the most outdoor of sciences, he elected to 
become a geologist and went up to Oxford in 1824 to take 
lessons from Buckland.^® As it turned out, Murchison pos- 
sessed very great ability indeed, and Buckland inspired him 
with an enthusiasm to match it. His early communications to 
the Geological Society were meritorious, if not important, and 
illustrated his attachment to the catastropiiist theories which 
introduced him to the science,^' and particularly to the doc- 
trine of progressive creations. 

Murchison’s colleague and, until an unfortunate e-^trange- 
ment, co-worker, the Reverend Adam Sedgwick, entered upon 
his career in an even more haphazard fashion. A fellow^ of 
Trinity College in Cambridge, Sedgwick knew nothing about 
geology until after his election as Woodwardian profe<5Sor of 
the science in 1818. “I had but one rival, Gorham of Queens’,” 
Sedgwick wrote later, “and he had not the slightest chance 
against me, for 1 knew absolutely nothing of geology, wherea'' 
he knew a good deal — but it was all wrong i” Though he 
was then thirty-three, Sedgwick passed rapidly through a 
Wernerian j)hase to a real command of the subject he taught, 
a command based up<m arduous personal investigations in the 
field. He was elected president of the Geological Society in 
1828, .succeeding Buckland and Fitton, with the former of 
whom he was particularly congenial l.ike Buckland at t)\ford, 
Sedgwick placed great emphasis upon the moral lessons to be 
derived from scientific studies in general and geolog>' in par- 
ticular, and upon the value of these subjects as intellectual 
discipline Both Sedgwick and Buckland were anxious that 
.science should occupy a more prominent place in the universi- 
ties — in neither ( 'ambridge nor Oxford did the curriculum or 
the examinations for the degree offer any incentive for attend- 
ance on the lectures of professors, who had to rely wholly on 
the charm of their personalities and on the intrinsic interest of 
their subjects to attract hearers In 1821;, Sedgwick published 
his own collation of the tw'o great kinds of truth. He embedded 
it in an article on diluvial formations, in the form of an answer 
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to those timorous and bigoted few who still shrank from the 
dangers of philosophic investigation: 

It must ... at once be rash and unphilosophical to look to the 
language of revelation for any direct proof of the truths of physical 
science. But truth must at all times be consistent with itself The 
conclusions established on the authority of the sacred writings may. 
therefore, consistently with the soundest philosophy, be compared 
with the conclusions established on the evidence of observation and 
experiment. . . The application is obvious. The sacred records tell 
us — that a few thousand years ago “the fountains of the great deep 
were broken up” — and that the earth’s surface was submerged by 
the water of a general deluge; and the investigations of geology 
tend to prove that the accumulations of alluvial matter have not 
been going on many thousand years; and that they were i)receded 
by a great catastrophe which has left traces of its operation in the 
diluvial detritus which is sptead out over all the strata of the world 

Between these conclusions, derived from sources entirely ‘inde- 
pendent of each other, there is. therefore, a general coincidence which 
it is impossible to overlook, and the importance of which it would 
be most unreasonable to deny. The coincidence ha« not been 
assumed hypothetically, but has been proved legitimately, by an 
immense number of <lirect observations conducted with indefatigable 
labour, and all tending to the establishment of the same general 
truth .'*3 

The career of the Reverend William Daniel Conybeare did 
not result in the permanent additions to scientific knowledge 
which Sedgwick and Murchison made, but in the years of their 
apprenticeship he was, next to Buckland, the most widely read 
geologist. Buckland and he were very friendly. After marrying 
a lady whom he described as “an admirable fossil geologist,” 
Buckland even had his first child christened Adam Conybeare 
Sedgwick. In 1822, Conybeare and William Phillips published 
Outlines of the Geology of England and Wales, a text which 
was often referred to as the standard introduction to its sub- 
ject. The book went through a number of editions in the next 
few years, and it offers, perhaps, the best illustration of the 
way in which a paleontological approach to Huttonian concep- 
tions discarded the crude formulations of Neptunism while re- 
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taining the flood and the revolutionary agency of divine inter- 
ventions in the course of nature. Murchison described the 
volume as his “scientific Bible.” Conybeare’s later re- 
searches were devoted to sustaining the orthodox views upon 
the structure of river valleys and upon the destruction of fossil 
species.^® He began to fade into obscurity after having vigor- 
ously headed tlie catastrophist attack upon Lyell’s Principles 
of Geology*'^ 

In the period before 1830, the paleontological evidence for 
the flood, though it was the chief resource of the providen- 
tialist approach, was not the only line of argument employed 
to demonstrate that the Creator had often exercised an im- 
mediate control over the course of natural history. Dr. John 
Macculloch, for example, who prepared the first geological 
map of Scotland, would never admit the superiority of the new 
paleontological over the older mineralogical emphasis in geo- 
logical re.'search. Despite this, however, and despite the result- 
ing estrangement from his colleagues, he had been one of the 
most productive members of the Geological Society ever since 
its foundation, a scientist of the second rank if not of the 
first.^^ Macculloch spent the la.st years of his life writing 
three enormous volumes to prove 

that God does exert a fierpctual government, over the jihysical 
world at lea.st; that it cannot jiroceed without llis immediate action, 
or pcrs«)nal interference, and that no appointment of deputed 
“laws,” of modes of motion originally impressed on matter, will 
account for the phenomena of the universe.'*'' 

Macculloch regarded the positive demonstration of God’s asso- 
ciation with His works as the ultimate purpose of science. 

To believe justly in the existence and nature of God, is, first, to 
know Him as the creator of the world, in wisdom and goodne.ss; and 
next, as the governor and disposer, first of the physical universe, and 
then of the moral world, as the end and purpose of that.*** 

Much of the language of Macculloch’s treatise is Huttonian — 
in his description of the processes of rock formation, for ex- 
ample. His attitude, however, was thoroughly providentialist, 
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and he makes particularly clear the degree to which this sort 
of interpretation of science was thought to serve a moral and 
hence a social purpose. God, he argues, chose to operate by 
occasional deviations from general laws not because He was 
incapable of making arrangements that would hold, but in 
order to convince us of the immanence and continuing nature 
of His immediate supervision.’’" To fix this point, indeed, was 
the chief purpo.se of the book. ‘Tf the Deity governs the physi- 
cal world, governing therefore its evcnt.s, so must He, of 
necessity, govern the moral one.” 

The reviews, during the 1820’s, devoted more space to 
keeping the educated reading public abreast of the progress 
uf natural history than they did to all the other .scieiucs pul 
together. The IVn/mms/rr, to be sure, was too absorbed in 
piiNhing the Benthamite creed to waste any articles on even 
.so innocent a distraction as the cataclysmic theory pf the 
earth, but the Edinburgh and the (Quarterly found theniselve.« 
in the surjirising position of offering a common interpretation. 
.\rticle'' in the EjUnhurgh Review u.sually included a congratu- 
latory .survey of the state of knowledge in the science, in which 
the reviewer would find occasion to commend the editors for 
having been staunchly and objectively Huttonian during the 
wilder days ot geological disputes. Reliquiae Diluvianae w’as 
greeted with great enthu.siasm, for, despite a[ (prehensions 
which the title might arouse, Buckland had quite projierly de- 
tached his observations from his theoretical inductions.'’’" The 
Edinburgh pointed up Buckland's superiority by a lengthy and 
scornful review of “Geology of the Deluge” from Burnet 
through Kirwan, followed by a full and appreciative precis of 
the Reliquiae. A year or two later, Charles Daubeny’s compre- 
hensive treatise on volcanoes was described as the sort of 
work which had rescued geologists “from the reproach so 
justly cast upon their predeces.sors, of being little better than 
visionary theorists.” Daubeny, “by far the most accurate and 
scientific inquirer into the whole range of volcanic phenomena, 
who has yet laid the result of his labours before the public,” 
suggested in the course of his description of active and extinct 
volcanoes that just as the Deity had chosen to employ a flood 
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as the physical instrument to effect the general destruction of 
the human race, so also He had worked His will against Sodom 
and Gomorrah by means of volcanic action.®* In neither case, 
thought Daubeny, had God resorted to other than natural 
causes. Daubeny was professor of chemistry at Oxford, and as 
a scientist he liked to think that he kept science and religious 
belief in their proper relation to each other. He classified vol- 
canic works, for example, according to whether they were 
ante- or postdiluvian, the former having been deposited before 
the valley.s were formed and the latter afterward, but he 
refused to offer an opinion as to whether the deluge in ques- 
tion was to be identified with “the particular deluge recorded 
in Mosaic history.” ®® 

In 1830, the Edinburgh Review set out to sum up in thirty 
popularized pages all it had published on the science of man’s 
past.®** The article speaks of “animals of the present creation,” 
and refers to the extinction of large numbers of species “in 
the last retreat of the sea biit one, and during tliat state of the 
world which preceded its last eruption.” JiuckJand, who re- 
mains “one of the most zealous and successful cultivators of 
geology of modern times,” has placed the deluge in its scientific 
setting by means of animal relics.®^ This, however, was the 
year in which Lyell published Principles oj Geology. 

The Quarterly Review had ignored geology during the years 
of tacit Huttonian triumph. In the 1 820's, however, the period- 
ical was very enthusiastic about the science, a shift in attitude 
which is not surprising because, as Buckland once observed. 
“The general attachment of the Quarterly Review to the cause 
of Revelation is so decided.’’ The reviewer hailed Reliquiae 
Diluvianae as ecstatically as if the book were the Principia 
Mathematic a of earth sciences.*’" For Buckland had seized 
upon the essential key, implicit in Deluc, and applied it prop- 
erly to the vexed question of the scientific soundness of the 
sacred records. That is, in the past a series of causes, different 
in nature from any now acting, had molded the globe. The 
possibilities inherent in this approach would remove the reli- 
gious stumbling block which had made the history of geology 
a record of discord unparalleled in scientific discussion. By 
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1826, the Quarterly felt, natural history was well launched 
upon a career of s)ber progress,®® “Its chief claim to our esti- 
mation is founded on the new impulse imparted by its discov- 
eries to minds engaged in prosecuting various philosophical pur- 
suits.” Working in the wake of Cuvier and Buckland, an 
army of observers had conclusively demonstrated how geology, 
of all pursuits, is the best suited to bear out Bishop Butler in 
his truly inspired analogy between the constitution of the 
natural and moral worlds.®- 

By 1827, however, the scientific editors of the Quarterly 
began to sense trouble. Scrope’s Geology of Central France, 
published in that year, argued that rivers working f*ver limit- 
less centuries had cut their own valleys, and it rejected 
Daubenj ’s diluvial classificaticm of volcanoes.®’’ 1 he Quarterly 
had become wary, however. Let not an ignorant and narrow 
philosophy regard such views as derogatory to the dignity of 
man, for if they turn out to be true, they will be more deroga- 
tory to the dignity of the opposition. “We hope, above all . 
that none will fall into the error of imagining that the truth of 
the sacred writings is in the least implicated.” Evidently the 
sacred writings had not been so very much beside the point 
since Buckland's magnum opus as the Quarterly had thought. 
\t any rate Lyell, the author of this review, felt impelled to 
warn off a “certain class of writers who have lately appeared 
before the public,” and who, “wholly destitute of geological 
knowledge derived from personal observation,” threatened to 
defend the Scriptures in the fashion of Kirwan again: 

While they denounce as heterodox the current opinion.s of geolo- 
gists [meaning Buckland’s school, oddly enough], with respect to 
the high antiquity of the earth and of certain classes of organic 
beings, they do not scruple to promulgate theories concerning the 
creation and the deluge, derived from their own rxoosilion of the 
sacred text, in which they endeavour to point out the accordance of 
the Mosaic history with phenomena which they have never studied, 
and to judge of which every page of their writings proves their con- 
summate incompetence.®* 

Deluc’s old vehicle had also become considerably more 
moderate in the decade or so since it had carried the last of 
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his letters. In 1825, it turned itself into a quarterly and from 
1827 frankly called itself British Critic, Quarterly Theological 
Review and Ecclesiastical Record. The first issue pledged the 
periodical to “the great object” of maintaining “those prin- 
ciples connected with the Church or State, which have always 
been associated with the name of the British Critic.” The 
editors planned to continue its tradition of keeping up with the 
world of science. 

In fine, their work . . . will .still be in essence, as well a.s name, 
The British Critic; a Rcviav undertaken and conducted upon Brit- 
ish principles and for Briti.sh objects, and consulting in its specula- 
tions the morals and religion of Englishmen, as much as their in- 
formation and amusement 

The British Critic had missed the more imjtortant geological 
developments, but it unwittingly anticipated future problems 
in an enthusiastic review of James C. Prichard’.s Rescan hrs 
into the Physual History of Mankind: 

The reader is no where insulted b\ any of those startling theorie« 
as to the origin of certain varieties in the human species, whether of 
form or color, which have threatened to degrade man to the rank of 
an ape, and to confine his destiny to the changes and chances of this 
mortal life.®® 

At the time this was written, however, the British Critic was 
not antagonistic to the scientifically accepted interpretation of 
earth history. It deplored Andrew Ure’s “unwise and un- 
successful” New System of Geology,^'* which attempted a 
literal and rather blatant reconciliation of the geological with 
the Mosaic records. Ure was an extremist who denounced 
Buckland’s views for infidelity. The reason, though — and sig- 
nificantly — that the reviewers in the British Critic thought it 
impossible for any theory’ of the earth ever to succeed com- 
pletely is that geology is the one science which labors under 

the appalling difficulty connected with the undeniable fact, that the 
principal phenomena of geologj’ have been produced by a partial 
deviation from the ordinary laws of nature; by violent disruptions; 
by the bursting asunder the adamantine zones of the earth; by a 
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i,upernatural elevation of its waters; and even, it is supposed, by a 
temporary suspension of its astronomical properties. In short, we 
have revolutions to account for by means of ordinary laws and 
principles.'^® 

Science can describe the results of the methods employed by 
“Infinite Wisdom in arranging the mineral substances which 
form the outer strata or crust of the earth, at that early period 
which preceded the creation of animals, and the epoch even of 
Sacred History itself.” In all branches of science, of course, 
the ultimate causation of phenomena mu.st be explained as the 
will of God, but astronomers and physici.sts, more fortunate 
than geologists, can nevertheless discuss general la\»s govern- 
ing the behavior of matter because in their fields God has 
chosen to employ uniforr, methods of directing His creation 
In the sphere of geological action, however, God has seen fit to 
vary the character of the foices which have produc,.'‘d the 
effects studied by geologists who, therefiue, can never hope to 
arrive at a completely consistent or sufficient explanation even 
of .secondary caasation. 

Of all the periodicals, the Philosophical Magazine was 
probably the nearest thing to our own Popular Science, though 
without re.sorting either to dilution or sensationalism. It fea- 
tured short articles and abridged reprints from the profes- 
sional journals, the whole designed to transmit to the public 
the editors’ view of the state of the .sciences. The selections 
were seldom controversial. Its files offer probably the best 
gauge of the contemporary layman's comprehension of scien- 
tific theory. Each number presented b»’ief notices of all new 
books, accounts of meetings in the learned societies, and de- 
scriptions of their publications. Every volume in the iSao’s 
contained three or four geological notices, all descriptive. 
There would be a stratigraphical section of the cliffs of Devon, 
for example, or a three-page outline of the natural history of 
Sumatra, but the majority of the articles reflect the current 
fascination with prehistoric monsters. All such contributions 
simply assumed a diluvial framework — the deluge had hap- 
pened; it Wcis not a matter for much discussion Evidences 
were everywhere, though no one labored the point. 
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The PhUosopkical Magazine found itself so enthusiastic 
about Reliquiae Diluvianae that it published continual ex- 
cerpts from it, lest the remarkable importance of the book be 
overlooked. Buckland ran a great many abstracts and reprints 
in the magazine,’^ and his colleagues did their part in keeping 
the school’s interpretation in the public eye. Conybearc’s “On 
the Discovery of An Almost Perfect Skeleton of the Plesio- 
saurus” drew very nice, and perfectly predictable, conclusions 
f''om the situation of that interesting bv.ast.’^* And Adam 
Oedgwick’s report upon a lengthy dike of trap rock in 
Yorkshire is a typical example of the way in which religious 
orthodoxy had absorbed the Iluttonian proofs of igneous 
origins into devoutly catastrophic inteq^retations.'* 

4 

By 1830. then, the descriptive sciences weie again enlisted 
in the explicit service of natural theology. Revealed truth and 
scientific truth coincided in a number of points. There was 
always the fundamental argument from design, of course, but 
beyond that the progress of zoology, ])aleontology, and geolog>' 
now offered new and specific evidence f«»r the recent creation 
of mankind and ior the historical reality of the flood. These 
were the essential points, both in Genesis and in geology. The 
flood was particularly convenient because it linked the sacred 
records with the doctrine of global revolutions and of cata- 
clysms which transcended the ordinary course of nature. This 
interpretation .seems to have been of greater moment, really, 
than the Biblical story. The flood was the latest of the great 
c atastrophes, and ! ras the primary concern of these scientists 
to prove that nature itself was sometimes supernatural. 
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Wc now propose to examine those changes ^^hl(h still lake place on oui 
globe, investigating the cau'^cs which contnut to opeiatc on its surface 
This portion of the hisioiy of the earth is sr» mudi iht more important, as it 
has been long considered possible to explain the m(»re ancient revoluuoiis on 
Us siirfut by means of thfse still oisiing causes Hul \vt shill puscntlv 
see that ^fortunately this is not the case in physical history, <he thread of 
operations is her^ brc-iken, the march of nature is changed, and none of the 
agents that she now cniplo\s were sufhcient ior the producuon of htr ancient 
works 

~ (ieor^( 

When wc are unable to explain the monuments of past changes, it jS 
always more probable that the difference insts fr im fiiir ignorance of aH the 
existing agents, or all their possible effects in in inJehnite lapse of time 
than that some cause was loriiieily in opciatiori wl ich his f'eiscd to act 
Our estimate, indeed, of the value of all g'‘(>logicil evidence, and the in 
“(rest derived from the inve tigalion of the caiUi’s history must dupend 
cnuiely on the degree of confidence which we feel in rtgird to the pcima 
ncncy of the laws of nature Then immutable constanc\ alone <an enable us 
t; icason from analogy, by the strict lules of mducti m, respecting the event, 
(t former ages, or, by a comparison of the ytate of things at two distinct 
gecilogical epochs, to arrive at the k* »wleJge ot general primiple*’ in the 
economy of our terrestrial system 

— Str ChatUs Lycll^ 


I 

If Buckland fearfd that without cataclysm'- there was no 
God, Lyell was as fundamentally apprehensive lest, without 
uniformity, there be no science. He could feel no reverence for 
a lawgiver who kept amending the constitution of nature. For 
some reason or other, however, the catastrophist controversy 
never became so acrimonious as the Vulcanist had been. Pro- 
fessor Sedgwick might disagree profoundly with Lyell — in 
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fact, he was almost certain to — but they remained fast 
friends. Perhaps tlie incidental fact that the catastrophist- 
uniformitarian debate was carried on within the Geological 
Society instead of by conflicting academies contributed to its 
air of scholarly good humor. Then too, Lyell’s followers, and 
he with them, had once been diluvialists and could display a 
certain amused and superior tolerance for the error of their 
own past ways. 

One may, perhaps, deplore the disappi arance of subtitles 
in the twentieth century, for it is convenient to know what a 
book is going to .say before one reads it. Like Buckland in the 
Reliqutav, Lyell firmly staked out his subject on the title page; 
Principhs oj Geology, Being an Atttempt to Explain the 
Former Changes of the F.arth’s Surface, by Reference to 
Causes Now in Operation. Unlike Werner, Hutton, and Cuvier, 
Lyell was more the critic than the original investigator. A 
younger contemporary later remarked, “We collect the data, 
and Lyell teaches us to comprehend the meaning of them.’’'* 
Even before Lyell removed the flood from its accepted place in 
geological ilynamics, however, a few .scientists had begun to ex- 
press reservations about its universal efficacy. Next to paleon- 
tological re.search, a field more popular with the diluvialists, 
the phenomena of volcanic action and the structure of valleys 
were the subjert.s most interesting to geologists during this 
period. \ number of points began to seom very dubious as a 
re.sult of continually e.xtended observations. In the first place, 
it became increasingly difficult to refer the commencement of 
all so-called alluvial deposits to a single event or even to any 
one period. Rivers, too, appeared in many cases to have cut 
their valleys through successive strata and through lava flows 
of many different epochs, .some of which were postdiluvian 
even by the catastrophi^t chronology. It was difficult to de 
scribe gently winding river beds as the result of the scouring 
action of a single torrent, w'hich could more easily be supposed 
to have cut straight gorges in its violent retreat. Nor could 
mixtures of fresh and salt water deposits be explained as the 
kind of uniform succession which a single flood, either salt or 
fresh, would have produced. Moreover, there was an increas- 
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ing comprehension of the proper chronological classification of 
“primitive” and “transition” rocks and of the vast ages which 
must have elapsed between their formation. Such suggestions 
were scattered, however, among a number of memoirs through 
which it would be profitless to chase them. It would be even 
less profitable to develop the arguments with which diluvialists 
met the difficulties.^ 

Although these scattered objections were not pulled to- 
gether into an integrated attack upon catastrophist assump- 
tions in natural history until tlie publication of Principles of 
Geology, there were a few obscure critics who laiscJ strident 
voices of dissent in the chorus of niutual congratulations 
which Buckland had touched off among geologists. Perhaps the 
Reverend John Fleming, a zoologist member of the Wernerian 
Society, set forth the closest approximation tp an anticipatory 
statement of uniformitarianism. He had to admit Buckland’s 
success: 

Thi-S work [Rdiqinac Diluviauuc |, like the “Thtwy’’ of Cuvie:, 
has i’reatlj’ contributed to render the science of ecology popular, 
by biinging it into favour with the (’hurrh. and even securing the 
countenance of the drawing-room. The general reader has been 
dunned with the novel scene<^ which it (hs('lo.ses. while the t'hristian 
ha.^ hailed it W'ith joy, a.s offering a valuable te.stimony to the au- 
thority of revelation.'’ 

Such easy popularity was not sufficient excuse for error in the 
''tern, Calvinist eye of the Reverend Dr. Fleniiii'g, however. 
For Buckland’s geological deluge was coatradicted both by the 
evidence of revelation and by that of the rocks. In develojiing 
the latter objections. Dr. Fleming anticipated in outline the 
major points which Lyell expanded into his three-volume 
Print iplrs: the gradual excavation of river valleys; the artifi- 
ciality of referring “alluvial” detritu.s, whether .-'“diment or or- 
ganic remains, to a single source; the ]>hilosophic gratuitous- 
ness of ''Upposing that a different order oi forces had ever been 
called into play. Oddly enough though — in view of the atti- 
tude uniformitarians were to profess towards such reasoning 
— it was also on the ground of Mosaic testimony that Dr. 
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Fleming took severe exceptions to Buckland’s flood. For 
Cuvier and Buckland destroyed every species; Moses saved 
two individuals from each. They substituted the antediluvian 
sea floor for the old land surfaces; Moses summoned and dis- 
missed the waters from a never-changing earth. They described 
a sudden, transient, and violent torrent which left marks on 
every valley and gorge; Moses left word of a gentle stand of 
water rising placidly for forty days. And the true flood left no 
traces except a rainbow, the only empirical sign God has ever 
given us.” 

It was chiefly, however, upon the work of George Poulett 
Scrope, who had published his views in 1825 and 1826. that 
Lyell relied for much of the new factual material included in 
the Principles of Geology. Scrope had devoted his descriptive 
talents to the investigation of extinct and active volcanoes. 
His theoretical conclusions demolished the “craters of eleva- 
tion” conjured up by Werner’s younger followers in their be- 
lated appreciation of the widespread incidence of volcanic 
formations. Scrope emphasized the continuous nature of vol- 
canic deposits, their presence in strata of every epoch, and the 
impossibility of classifying volcanoes according to whether 
they had been eruptive before or aftei a flood. Given time 
enough, one cotild account for all lava formations by volcanic 
action of an intensity no greater than that of the present, and 
Scrope explicitly suggested that the same thing was true of 
every asjiect of geological change.^ 

Lyell, then, did not pull his method of interpretation out 
of thin air, nor single-handed revive the Huttonian attitude. 
In the quotation at the head of this chapter, Cuvier remarks 
that “it has long been considered possible to explain the more 
ancient revolutions ... by means of these still existing 
causes,” and he regarded this as a doctrine which his work had 
overthrown. In 1825 Constant Prevost had dared to challenge 
Cuvier’s authority, though no one paid much attention to him, 
and between then and 1830 he and Lyell undertook a number 
of extensive geological tours on the Continent, a type of 
journey very fashionable at the time among laymen as well as 
among scientists. Lyell’s ideas seem to have formed rather sud- 
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denly. In 1825, for example, he knew Scrope only slightly and 
referred to his Considerations on Volcanos merely as “a very 
creditable work.*' * He did not then see in it implications which 
would upset diluvialist assumptions. ‘‘I was,” he later wrote, 
“taught by Buckland the calastrophical or paroxysmal theory,” 
and not until 1827 does his published correspondence begin to 
mention the existence of a definite “liberal” camp in geology.® 
By the end of that year, however, he had delivered the manu- 
script of his first volume to the printer, who must have become 
a little annoyed with uniformitaiianism, because, what with 
several more continental tours and continual changes in detail, 
Lyell did not get the book through the press until January 
1830, though he later declared the main points of his theory to 
have been fixed before he wrote his first draft. For so .single 
minded a work, the Primiples came out in remarkably hap- 
hazard fashion. Originally Lyell had planned two volun’es The 
counterattacks of the opposing school compelled him to modify 
his tactics, and he altered his plan so that each volume would 
not only cover its phase of phy.sical history interpreted in 
terms of the present but would also meet the objections raised 
by the preceding installment. In the end, volume 11 appeared 
in January 1832. a second and revi.sed edition of volume I in 
June 1832, and volume HI in April 18^3. 


2 

The time had come, announced Lyetl, for a proper science 
of the earth and of its inhabitants, and he proposed to set it 
forth. It was novr for the first time possible to do so The sus- 
pension, since around 1810, of all attempts to form cosmog- 
onies had been a salutary reaction against the excesses of 
Neptunism. A host of industrious toilers had accumulated a 
great new body of data, and, by avoiding generalizations, 
“they in a few years disarmed all prejudice, and rescued the 
science from the imputation of being a dangerous, or at best 
but a visionary pursuit.” ” They also provided Lyell with the 
raw materials for a book. What is the good, asked Lyell, of 
describing results, if their causes be necessarily a matter of 
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indeterminate speculation? There had, of course, been consid- 
erable progress. But instead of hearing that fossils are sports of 
nature, or rock strata the result of aqueous precipitation, we 
now hear of sudden and violent revolutions of the globe, called 
in by scientists more anxious to cut the Gordian knot of knowl- 
edge than to unravel it.^-* 

Whoever would unravel the tangled skein of phenomena 
which the face of the earth presents to view and discover a 
single, intelligible thread therein must accept this doctrine: 

that all former chanijes of the organic and inorganic creation are 
reforrible to one uninterrupted succession of physical events, gov- 
erned by the laws now in operation. . . The principles of science 
must always remain unsettled so long as no fixed opinions are 
entertained on this fundamental question.’’^ 

Hutton, indeed, had appro.ximated the uniformitarian position, 
and as a result the study of the earth as a science dates from 
his work. But although Hutton had properly remarked that 
science could study only causes of the same kind as those 
observable in the dynamics of present changes, he had falla- 
ciously allowed for a difference in intensity of operation be- 
cause his theory of thermal ufdift postulated alternating periods 
of disturbance and repo.se.^' ^ater generations had unfor- 
tunately taken advantage of this loophole to neglect the Hut- 
tonian attitude, and to bring in changes so catastrophic as to 
differ in kind 

Lyell’s strong insistence upon the distinctiveness of his 
own approach laid him open to charges of plagiarism levied 
by opponents who protested that, however infidel his system, 
it did not possess the merit of an original heresy. Even a 
reviewer who was sympathetic towards Lyell’s general attitude 
made this point,'® and indeed much of uniformitarianism was 
implicit in Hutton. For Lyell, too, science could not concern 
itself with origins of the universe, “a metaphysical question 
worthy a theologian.” He built his synthesis on the meth- 
odological limitation that the past could be studied only by 
analogy to what natural agencies can accomplish in the pres- 
ent. Such theoretical originality as uniformitarianism possessed 
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lay in its pushing the analogy to an identity, in its rigorous, 
undeviating insistence that existing forces, given time enough, 
account for the observable state of man’s habitat. 

The three skillful ant lucid volumes of the Primipies of 
Geology were devoted simply to marshaling the evidence in 
support of this simple thesis, and since the contention required 
that there be no exceptions, the result came very close to 
being a Summa Giologiia. But first, it was necessary to point 
out why geologists had been so long in finding out what their 
subject was, and why their work had so often been ill received. 
The inherent difficulties of the science, Lyell thought, had 
rendered it peculiarly susceptible to the interpietations of 
ancient miraclemongers and their modern .successois. The most 
ubiquitous stumbling b’oeks were popular preconceptions iU 
regard to the extent of past lime. If one had to produce our 
world out of a hat only six thou'^and years old, one oirviously 
must call upon extraordinary deviations from the normal course 
of events, even though one might admit that nature now pro- 
ceeds according to utriform laws Aside from the autherrity of 
the Mosaic chronology, further trbstacles arose from our un- 
fortunate position as land animals, a situation eminently un- 
favorable for geological observation Human beings inhabit 
only about a quarter of the globe, and that quarter the c»ne 
which is the theater of decay. We know of. but cannot observe, 
the progress of new format: s under the land and beneath 
the .seas. A race of fish with human intellects, thought Lyell, 
would have built a proper, sound natu'al history much .sooner 
than we have done.*'^ 

Having stated his thesis and, as he thought, exposed the 
popular and theological prejudices against it, Lyell set himself 
and his readers to in(|uiring how the \ ici'>''itudes which the 
earth’s surface obviously had experienced “c.ii be rec'onciled 
with the existing order of nature. ’ He dirl not, of course, 
deny the reality of change, but he in .isted that all change 
had been uniform, proceeding in cycles in time rather like the 
orbits in space through which the planets swing. The climatic 
conditions of any given spot, for exampde, had varied with the 
continual shifting in the relative proportions of land and sea 
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in that particular portion of the globe. Volume I devoted itself 
to describing the geological dynamics which occasioned such 
changes. Familiar examples of the mode in which the various 
agents behave were pointed out — the action of the atmosphere 
and of living organisms, of volcanoes and earthquakes, and 
above all of water. After each contemporary or historical illus- 
tration the point was made that the cumulative effects of such 
common forces had produced the phenomena which Cuvier and 
Buckland referred to cataclysms of an essentially miraculous 
character. In similar fashion, the second volume dealt with 
changes now in progress in the animate creation and showed 
them to be the only kind ever to have occurred. The last 
volume, in spite of the necessity for a number of digressions 
occasioned by objections to the first two, was largely descrip- 
tive. It incorporated the latest developments in chronological 
stratigraphy, paleontology, and physical geography, and it 
included Lyell’s most important constructive contribution to 
the science in his identification and separation of the Pliocene, 
Miocene, and Eocene ej^ichs of the tertiary period.*” 

Lyell professed to have derived his theory entirely from 
appearances, and no doubt he thought he had done just that. 
A crudely additive inductive approach still enjoyed an almost 
exclu.sive methodological vogue in 1830, and though the chance 
tliat a hypothesis may be deduced from a brilliant intuitive 
flash would damn it out of hand no longer, such an admission 
would have killed it then, even for its originator.”® Actually, 
however, after abstracting the central idea implied by Hutton 
and Playfair, Lyell simply universalized the jirinciple of uni- 
formity and then arranged the facts in accordance with it. 
The process necessarily involved some incidental special 
pleading. 

Lyell was, of course, perfectly aware that the flood was 
his chief enemy, because to many minds the diluvial theory 
alone seemed capable of affording an explanation of natural 
phenomena in accordance with scriptural history.”* And being 
chary of disturbing religious convictions unduly, he impugned 
the deluge explicitly in only one passage, and that one rather 
in the nature of a digression. Generally, he preferred the 
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method of draining the flood of its influence incidentally to 
the development of his larger interpretation. And where he does 
allude to the flood, what he objects to is its universality and 
its geological efficacy, not its existence. 

It had long been a question among the learned, even before the 
commencement of geological researches, whether the deluge of the 
Scriptures was universal in reference to the whole surface of the 
globe, or only so with respect to that portion of it which was then 
inhabited by man. If the latter inteipretation be admissible, the 
reader will have seen, in former parts of this work, that there aie 
two classes of jihenomena in the configuration of the earth's suiface, 
w'hith might enable us to account for such an event First, extensive 
lakes elevated above the level of the ocean; secondly, large tracts 
of dry land depressed below that level.*” 

That is to say. a lake like Titicaca, far aboxe sea level, might 
burst its banks and flood the neighboring lowlands or a very 
depressed land area, like the Valley Jordan, might b(' inundated 
by a break in the barriers surrounding it. Such. Lyell implies, 
was the Mo.saic deluge. He admitted it to be undeniable, 
however, that recent naturalist 5 had followed lluckland almost 
to a man in picturing the flood as violent, universal, and a 
primary geological agency. 

But wc agree with T)r. I’leming, that in the narrative of Moses, 
there ate no term^ emploved that indiiate the impeliioiis rushing 
of the waters, either as they lose or when they lelreatod, upon the 
re.straining of the rain and the passing of a wand o\er the earth. 
On the contrary, the olive-branch, brought back bv the dove, .semis 
as clear an indication to us that the vegetation wai' not destroved. 
as it w’as then to Noah that tno drv land was about to aiipear--' 

It is somewhat .surjirising to find the evidence of the olive 
branch in Lyell as well as in Kirwun. though one suspects 
that when Lyell introduced it, he had h's tongue in his cheek. 
Lyell. however, never questioned the accuracy of the T’enta- 
teuch in its own realm, which was historical and religious. He 
did not even intend to discredit it as the description of an 
actual geological event, provided the event was interpreted 
simply as an incident in the regular course of nature, but he 
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hoped the issue would not be pursued. “We have been led 
with great reluctance info this digression, in the hope of re- 
lieving the minds of some of our readers from groundless 
apprehension respecting the bearing of many of the views 
advocated in this work.” 

The subject of volume II, however, was not a digression. 
The whole of it was devoted to a discussion of the animate 
creation and the vicissitudes which species undergo. “To 
Geology . . . these subjects do strictly appertain”; and the 
basic quCwStion is, “First, whether species have a real and [jer- 
manent existence in nature; or whether they are capable, as 
some naturalists pretend, of being indefinitely modified in the 
course of a long series of generations?” Lyell offered his 
reader.s an admirably cleat and dispassionate exposition of 
Lamarck’s theories. lie was perfectly fair and perfectly sure 
that they were wrong, and his refutation of the doctrine of 
progre.ssive development of life took the form of an equally 
clear precis of Cuvier’s arguments.-" 

ICach species “was endfiwed, at the time of its creation, 
with the attribule.s and organization by which it is now di.s- 
tinguished.” Only limited variations within a type have ever 
occurred. ICach species, itself immutable, probably takes it'^ 
origin from a single paii, such pairs havine “been created in 
.succession at such tim<\s and in such places as to enable them 
to multiply and endure for an appointed period, and occupy 
an appointed space on the globe.” Linnaeus liad been mis- 
taken in supposing that one corner of the globe had once been 
set aside as a divine incubator; instead, life had obviously 
originated in a number of “foci of creation.” Races of animaL 
have, of course, become extinct and the globe repopulated by 
new creations from time to time, although it i.s .somewhat un- 
settling “that so astonishing a ])henomenon can escape the 
observation of naturalists ” .\.s to the most im))ortant point, 

Lyell agreed with Bi.shop Berkeley, who “a century ago . . , 
inferred, on grounds which may be termed strictly geological, 
the recent date of the creation of man.”*^ But neither the 
appearance of man nor the disappearance of other species i.s 
to be considered a break in the uniformity of natural variation. 
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We cannot conclude this division of our subject without observ- 
ing, that although we have as yet considered one class only of the 
causes (the organic) whereby species may become exterminated, 
yet the continued action of these alone, throughout myriads of 
future ages, must work an entire change iu the stale of the organic 
( teation. . . The mind is prepared by the contemplation of such 
future revolutions to look for the signs of others, of an analogous 
natuie in the monuments of tlie past. Instead of being astonished 
at the pioofs there manifested of endlc.ss mutations in the animate 
nuild, they will appear to one who has thought piofoundly on the 
rluctuation-, now in pi ogress, to affoid evidence in favor of the uni- 
formitv of the system, unless, indeed, wc are precluded from speak- 
ing tif unifonuifv when wc chaiacterizc a principle oi endless varia- 
tion. 


It has often been suggested that Lyell was on the verge 
of hitting upon an evolutionary theory of organic nature, and 
it is true that, wdth benefit of hindsight, unitormitarianism in 
geology seems almost to cry out for evolutionism in biology. 
In tliis general and important sense, Lyell undoubtedly pre- 
jiared the way for Darwin. Lyell did not have the benefit of 
hindsight in the 1830’s, however, and at the time he was forced 
to reject the idea that organic life had develofied through 
modification of species, because the conception of a progres- 
sive approach to the present order of things, which Lyell re- 
ferred to as “the ancient doctrine,” *'* was relied on very 
heavily by his opponents. This is not surprising when it is 
recalled that ‘ progressive” is not necessarily the same as “evo- 
lutionary” — it all depends on how the progress comes about, 
w'hether by providential interventions or by natural laws. 

Lyell did not perceive the po.ssibility of amalgamating prog- 
ress with uniformity by .substituting transmutation of species 
for successive creations. Instead, he tended to deny the pro- 
gressive character of earth history. The more subtle of the 
Mosaicists, on the other hand, urged that extraneous fos.siIs 
and extinct vertebrates exhibit a continued development of 
organic life from the sinijilcst to the mo^t complicated forms. 
Sir Humphry Davy, and with him nearly everyone else, thought 
that “there seems, a.s it were, a gradual approach In the present 
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system of things, and a succession of destruction and creation 
preparatory to the existence of man.” Lyell thought the 
recent creation of man to be indisputable, but the remainder 
of the proposition, “though very generally received, has no 
foundation in fact.” The argument was a little weak here, 
and Lyell seems not to have been entirely comfortable with it. 
His theory had to account for the absence of the remains of 
mammalian quadrupeds in the more ancient rock formations. 
Lyell’s explanation was not that specif - like lions and ele- 
phants had appeared only in recent ages, but that in the suc- 
cessive metamorphoses of older rocks, all traces of these larger, 
softer, and less durable terrestrial forms had been destroyed.*® 
This fact, since we know how present causes destroy such 
relics, offer.« further proof of uniformity in the past popula- 
tion of the globe. 

One might well wonder why the absence of relics should 
be proof both of the uniform antiquity of other species and 
of the recent date of man’s creation, but Lyell never noticed 
the inconsistency. His purpose was to demonstrate that our 
creation had n(»t been an event so exceptional as to constitute 
a break in the continuity of nature: 

The introduction at a certain period of our race upon the earth, 
raises no presumptions whatever that each former exertion of crea- 
tive power was characterized by the successive development of 
irrational animals of hitrher orders 

Compari.son between men and animals strains the bounds of 
valid analogy. Though it was a new departure for the creative 
power to link “moral and intellectual faculties capable of 
indefinite improvement, with the animal nature,” that it did 
so does not justify the assumption of anj' corresponding steps 
in a hypothetical progres.sion of purely physical forms.*” 

It might be thought that uniformitarians would be more 
uncompromising opponents of Darwin than catastrophists, but 
it did not fall out so in the event. Attitudes are more lasting 
than thcoiics. and in any case Lyell was not likely to achieve 
a prestige as imposing as that of Moses. In later times, when 
Lyell ranged himself by Darwin's side, his earlier writings did 
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indeed supply their opponents with a limited store of obsolete 
ammunition. But if anything is more damaging than a Pyrrhic 
victory, it must be a Pyrrhic defeat; and though providentialist 
critics of uniformitarianism did not prevail in the 1830’s, they 
seized avidly on its inconsistencies and gave a suggestive airing 
to notions of progressive development. It would not be too 
difficult to substitute natural selection for providential cata- 
clysms and divine creations. 

For all that his attack upon scriptural geology was oblique, 
Lyell was thoroughly aware that his chief enemies would be 
“the ancient and modern physico-theologians.” The real 
purpose of his book was “to sink the diluvialists, and in short, 
all the theological sophists.” He had before him, however, 
a horrid example of what might come from such an effort , and 
he was most anxious not to reawaken an \i])roar similar to the 
one which had greeted Hutton’s theories. 

The mind of Itic hiiulish publi*. w.ts at that time in a .slate of 
feverish exciiement A class of write! s in France liad been labour- 
ing industiiously for many years, to diminish the influence of the 
clergy, by sapping the foundations of the (’hri.stian faith, and their 
success, and the consequences of the Revolution, had alarmed the 
most resolute minds.” 

Lycll, like most British scienti'-ts, never thought ot himself as 
having anything in common with the tradition of rationalist 
skepticism. Quite the reverse, for Voltaire, who in Lyell’s view 
had misinterpreted physic.s in order to lidicule the .‘Scriptures, 
had also poked fun at the cultivators of geology, “regarding 
the science as one which had been successfully enlisted by 
theologians as an ally in their cause.” No good would come 
of this sort of thing, either for science or religion, and Lycll 
desired each to return to its proper siihere, before they had 
hopelessly compromised one another once again. 

If ever Mosaic natural history could be set down without 
giving offense, thought Lyell, it would be in a historical sketch,'*® 
and he very much wanted to avoid giving offense. His letters 
began to express worry about the reception hi.s volumes would 
meet with before he started writing them. He may, he fears, 
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have to sustain the episcopal wrath of the whole bench of 
bishops, newly roused to ire by the Reverend Mr, Milman’s 
History of the Jews. On the other hand, there is a hopeful 
chance that the furor over unfrocking Milman may create a‘ 
diversion in his favor.^^ Tact, he urges his friends Mantell and 
Scrope, tact. Let them not run “unnecessarily counter to the 
feelings and prejudices of the age.” 

Lycll attached great importance to preparing public opinion 
to accept his views. The traditional orthodoxy of the Quarterly 
Review made it the key organ in his campaign, and Lyell dis- 
cover<*d in advance that Scrope would be his reviewer therein. 

series of letters, written before the Principles appeared, 
briefed Scrope on what to say. “If Murray has to push my 
volumes, and you wield the geology of the Quarterly Review, 
we shall be able in a .short time to work an entire change in 
public opinirtn.’’ The resultant article was, not unnaturally, 
eminently satisfactory: it turned one of the enemy’s main 
batferie.s against him.^^ Lyell was not an unduly sensitive 
person, but he had a bad ca.se of literary apprehensiveness as 
be saw his page.s through the press. His concern cannot be 
laid to his temperament; it can only have arisen from his 
appreciation that, however carefully bis argument sought to 
ignore the issue, its implications ran directly counter to a deep 
current of accepted opinion.*'* 

The question naturally ari.ses, what of Lyell as a scientific 
thinker? It is, indeed, obvious that he did protest too much. 
All his opponents immediately pointed out that the “attempt 
to ex[)lain the former changes of the earth’s surface by refer- 
ence to causes now in oi)eration’’ wa.« intrin.sically no more 
objective than the effort to e.vplain them by reference to a 
comet, a Hood, or whatever catastrophes might be indicated. 
Lyell gave himself away, they said, by his frequent use of 
the word “reconcile” and achieved only a patent over- 
reconciliation.'*® 

Geologically, of course, Ia’cH’s critics were right. No one 
now holds such extreme views uix)n the uniform course of 
nature. As early as 1840, although the immediate issue as to the 
universal efficacy of contemporary causes was not settled. 
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neither did the problem taken simply as a geological one pro- 
voke much discussion. Sir Roderick Murchison’s The Silurian 
System, which was published in 1839, and which after Lyell’s 
Principles was the next major contribution to the science to 
appear in England, seldom even alludes to the uniformitarian- 
catastrophist debate or to any theoretical controversies.®® But 
the question had become very much more than a geological 
one, and the root of Lyell’s ideas lay outside the bounds of 
that science, wide though they then were. By 1830, he wrote, 
in all branches of natural knowledge, and even in enigmas of 
the mo’^al world, the advancement of learning was presenting 
more and more of the phenomena which an ignorant past had 
attributed to miracles, to demons, to divine intpr\cntions. 01 
to other extraordinary agencies as merely manifestations of 
larger laws, more perfectly understood. 

Thf philosopher at List becomes convinced of the undeviating 
unifoimity of seumdary caU'>e'>, and guided bv his faith in tliA 
principle, he determines the probability of accounts transmitted to 
him of former occurrences 

Uniformitarian presuppositions, then, were simply those of 
optimistic materialism. Tt would take time, and Darwin, to 
demonstrate how hopcle-sly Buckland’s school was out of key 
with the times — witness Lyell's apprehensiveness and the 
Principles inclusion of certain Mosaic details. But however 
pervasive the hold of catastrophism in 1830, materialistic 
science had almost cut the ground from under materialistic 
theology, even then Gratuitous I.yell’s assumption may have 
been, but it opened the way for scientific progress, while 
Buckland’s blocked the very path he sought to tread. After 
1859, the surviving catastrophists, although they had toyed 
with ideas of organic progression in the r 830’s, were to be 
found solidly behind Wilberforce: while the uniformitarians 
who were still alive supported Darwin and Huxley, despite 
volume II of the Principles. 
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The uniformitarian thesis was launched with considerable 
eclat, and it became immediately the object of widespread at- 
tention.®* It did not, however, win the universal and enthusias- 
tic assent which had hailed Buckland’s magnum opus seven 
years earlier. Lyell’s arrangement of the evidence, as it flowed 
from the press, wore the opposition down instead of over- 
whelming it, and chipped away the catastrophic positions in 
.somewhat the same fashion as that in which his rivers produced 
a gradual, if much less rapid, degradation of land surfaces. 
Even his opponents extended the work their hearty approval 
insofar as its purely descriptive features were felt to be the 
most skillful and interesting pre.sentation of the subject ever 
set before the public. Before attacking its conclusions, most 
of them injudiciously and somewhat ostentatiously welcomed 
the opportunity to discu‘-s theoretical first principles 

Adam Sedgwu k, before attacking all of Lyell's main points, 
felt constrained to express his appreciation of “the instruction 
I received from every chapter of his work and of the delight 
with which I rose fiom the perusal of the whole ” The effort, 
too. to disarm religious opiiosition had been fairly successful, 
at least to the extent that nc reputable scientist exploited the 
whirlwind of theological outiage which w’as blowing up on a 
cruder level of criticism 1 yell even attributed his election to 
a chair in King’s C'ollege, Ivondon, to Conybeare’s inter- 
vention with the bi‘>hops who controlled the apjiointment and 
who were told that Lyell’s doctrines were ‘ startling enough, 
but not . come by in otherwise than a .straightforward 
manner” or “from any hostile feeling towards revelation.” 
The bishops were uneasy, but they managed to master their 
qualms. 

Publi.shers hastened to take advantage of the renewed in- 
terest in natural history aroused by Lyell, and a host of new 
titles, or of new editions of old titles, were rapidly bought up 
as soon as they appeared on the book stands. Macculloch, 
Mantell, Conybeare and Phillips, Jameson, Bakewell, and 
Brande got out revised versions of their commentaries. Gran- 



THE UNIFORMITY OF NATURE 


137 

ville Penn, Andrew Ure, Bishop Copleston, and John Faber, 
among others, appeared with the latest refinements of scrip- 
tural geology. Lyell’s volumes, too, went through a number of 
editions. 

As the debate developed, the most prolific of Lyell’s sup- 
porters was Gideon Mantell, a competent geologist who was 
not of an original turn of mind and whose work, therefore, 
was abreast of his time but never ahead of it. His books are 
useful as examples of the adoption and popularization of 
Lyell’s ideas by the uniformitarian school. Mantell’s discovery 
of the iguanodon was his major claim to fame, He was a 
.surgeon by profession, a highly successful popular lecturer — 
receiving as much as twenty-five pounds for lectures at charity 
benefits — and .something of a social climber. He evidently 
hoped to emulate Sir Humphry Uavy in realizing his social 
ambitions by achieving scientific eminence, and like Davy he 
was also sincerely interested in research for its own .sake. 
Science even cost him his wife, who left hitn when his collec- 
tion of .specimens and fossils grew so large and so jmpular 
that it crowded the family out of their home, which had be- 
come virtually a public museum. 

Mantell got out a number of geological works written for 
the general public.'*^ The Geology of the Soufh-pMst of Eng- 
land, the expansion of an earlier work,®* appeared in 1833. At 
this time Mantell’s interpretations showed little evidence of 
uniformitarian influence. In his general sketch of the science 
he referred in conventional fashion to causes still in operation 
which date “from the period w'hen our continents and islands 
assumed their present form,’* and he distinguished between 
the alluvial and diluvial deposits overlying the tertiary forma- 
tions — though he refused to commit himself as to whether 
the Biblical flood was responsible for diluvium.®® In the 
Wonders of Geology, however, first published in 1838, Mantell 
gave a precis of Lyell’s description of contemporary causes 
and asserted them to have been sufficient for all time. Forma- 
tions were now classified as metamorphic, secondary, and ter- 
tiary, and the tertiary period was broken down into Eocene, 
Miocene, and Pliocene. Mantell still used the word “alluvial” 
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for loose, water-borne accumulations, but “diluvial” no longer 
appears. 

There are a number of passages in the Wonders of Geology 
which illustrate how uniformitarianism seems (to the modern 
reader) almost to have demanded an evolutionary explanation 
of organic phenomena. If, for example, “naturalistic develop- 
ment” were substituted for “the Creator” in the following 
sentences, they would read like a vague anticipation of 
Darwin: 

The fluctuating state of the earth’s surface, with which our 
jirevious inquiries have made us familiar, will have prepared us for 
the disappearance of some species of animals; — and here another 
law of the Creator is manifest Certain races of living beings, 
suitable to peculiar conditions of the earth, appear to have been 
created; and when those slates became no longer favourable for 
the conlinuante of such types of organization, accoiding to the 
natural laws by which the conditions of (heir existence were deter- 
mined, the rates disappeared, and were probably .succeeded by new 
forms.®® 

For the uniforrnitarian school in the t 830’s, however, the ac- 
tivities of the Creator still supplied a satisfaitory hypothesis 
covering the evidence later explained by evolutionary' theory. 
Mantell even refers to human skeletons which had been dis- 
covered in Guadeloupe encased in linie.s(one and to human 
footprints found in a block of the same mati'rial in Missouri, 
but he regards this as proof that the formations were recent 
and not that man is ancient. The point is simply stated, not 
argued.®’ 

T/te Wonders of Geology was a unilorniitarian text for 
laymen, and Mantell attached considerable importance to 
(juieting the uneasiness of people who might have been misled 
by the hostility of uninformed theologians. When science and 
religion are properly understood and their spheres kept dis- 
tinct, there is. he assured his readers, no conflict between 
them. There were very few scientists in ^Mantell’s generation 
who did not make this point at some time or other, and like 
the great majority of them Mantell did not perceive that his 
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position logically required the rejection of the whole frame- 
work of conventional natural theology. Rather than attempt 
any original contribution to the well-worked subject himself, 
he preferred to disarm suspicion by stating the views of the 
‘ eminent philosophers and divines” whose central opinions 
were so widely accepted that they had rescued geology from 
the “absurd and unfounded” charge of being inimical to Chris- 
tian piety.®* The philosophers and divines he relied on were, 
most of them, calaslrophists like Whewell, Buckland, and 
Sedgwick. While rejecting their particular theories regarding 
the course of nature, Mantell did not hesitate to adopt their 
fundamtntal interpretation of the meaning of nature. 

The new pa£>e in the volume of natural religion, which Geology 
lids supplu'd, has been .so fully illustrated by Dr. Buckland, in his 
relehiated I'.ssay,'''’ that I need not dwell at length on the evident 
and beautiful adaptation of the organization of numberless living 
forms through the lapse of ind^'finitc periods of time, to every 
physical condition of the earth, and by which its .surface was ul- 
timately fitted for the abode of the human race. 

It is enough to point out that “we must believe, that every 
physical phenomenon which has taken place, from first to last, 
has emanated from the will of the Deity.” ®‘' Although 
^Tantell’s reader is repeatedly told that geology had nothing 
to do with the Bible, this does not seem to have meant that 
science had no religious implications. -\11 it meant was that 
Scripture had no scientific implications. 

Mantell adopted uniformitarian geological theories some- 
what uncritically, but he never rose above the more general 
presuppo.sitions of the period. Henry de la Beche, on tlie other 
hand, in spite of many reservations about the specific thesis of 
Prindplcs of Gtoloi^v, came much closer to accenting Lyell’s 
central attitude towards .science. De la Beche was the first 
director of the Geological Survey, founded in 1835, and like 
Mantell he wrote .several popular te.xts and elementary manu- 
als designed to as-si.st the amateur observer towards a construc- 
tive enjoyment of his hobhy.®^ Though not a uniformitarian. 
neither bad De la Beche ever been a scriptural catastrophist. 
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He represents, in fact, the tendency to ignore all questions of 
the sort — a tendency not yet very marked. For De la Beche, 
“The difference in the two theories is in reality not very great; 
the question being merely one of intensity of forces, so that, 
probably, by uniting the two, we should approximate nearer 
to the truth.” ** He did, it is true, assume that there must have 
been successive creations of species, but in this he was simply 
expressing the current hypothesis. He did not relate it to the 
Biblical account.®^ De la Beche’s own interpretations of the 
geological evidence were closer to the catastrophist than to the 
uniformitarian pattern,' but entirely without Mosaic allusions 
or overtones, and as a result his writings were both temperate 
and, compared to the rest of the discussion, rather dry.®® 

The ortliodox opposition was more excited and, after an 
initial period of disorganization, took up its positions on lines 
of argument so well defined as to indicate careful staff plan- 
ning. The catastrophist high command centered in the univer- 
sities. Buckland and Sedgwick still held the chairs of geology 
at Oxford and Cambridge Daubeny was professor of chem- 
istry at Oxford, Conybeare a fellow of New College, and 
Whewell senior tutor and later master of Trinity College. 
Cambridge. Nearly every meeting of the Geological Society 
appears to have resolved itself into a debate between Lyell’s 
.supporters and this “Oxford School of Geology.”®® In general 
scientific circles, the Oxford school seems to have been thought 
the more reputable and the safer of the contending groups. 
Buckland was elected second president of the British Associa- 
tion for the .\dvancement of Science in 1832, and Conybeare 
the chairman of its geological section. 

One thing the Prirciples of Geology unquestionably accom- 
plished. The book administered the coup de grace to the 
deluge. Few denied that Moses had indeed described an im- 
pressive flood, but as a primary, universal geological agency, 
it was abandoned. It is. of course, interesting that Lyell felt 
required to find a humble niche for it in his picture of a uni- 
form past, and that he specifically comforted Bishop Copleston 
of Llandaff by assuring him that there was “no objection to 
his drowning as many people as he pleased on such parts as 
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can be shown to have been inhabited in the days of Noah ” 
But the speed with which the ecumenical flood evaporated is 
startling. As late as 1829 the period at which a flood operated 
was still regarded as central to chronological classification. 
Daubeny, it is true, did attempt to preserve some scope for 
violent aqueous action, but only in the formation of volcanoes 
and of valleys and not as a unique, world-wide event. He 
made this point in the course of a general argument to the 
effect that catastrophes greater than any we now see could be 
produced by present causes acting more intensely, and that he 
and Lyell, therefore, differed only on a question of degree. 
Mthough he thought it possible that ‘‘a doctrine in science 
may be true, although involving questions that cannot be rec- 
onciled. at the lime to the statements of Scripture,” he also 
fell that his position, as opposed to Lyell’s “has the further 
advantage of rend('ring the accounts of '.uch catastioiihes, 
which are handed down to us on the authority both of history 
and tradition, consistent with probability, in'lead of opi)osed 
to it . . . and thus, if not d!r<*ctly confirming the Mosaic his- 
tory on this particular point, removing at least those obstacles 
to its reception that might e\i.‘'t. if we considered the event 
related as out of the couise of nature.” Scripture was not a 
source for science, of course. Jn the case of conflitting theories, 
however, Scripture may, Daubeny held, appropriately be used 
to tip the balance of probability one way or the other.” 

The faithful were unable to lake much satisfaction in so 
limited a catastrophe as Lyell's deluge allowed them, and 
most of them either lost interest in it or hastened to abandon 
it. Whewell, who, according to Lyell, “has more influence than 
any individual, unless it be Sedgwick,” now contemptuously 
dismissed “those who have framed their geology by interpreta- 
tions of Scripture.” He still, however, allowed a limited validity 
to those 

geological speculations in which the Mosaical account of the deluge 
has been referred to; for whatever errors may have been committed 
on that subject, it would be as absurd to disregard the most anc ient 
historical record, in attempting to trace back the history of the 
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earth, as it would be gratuitously to reject any other source of 
information.’® 

But Whewell no longer felt inclined to introduce this particular 
evidence into the argument. 

Conybeare backtracked even more hastily, though less un- 
reservedly. He had been so impressed with the Principles, and 
so disturbed by their implications, that he prevailed upon the 
editor of the Philosophical Magazine to r m a series of pieces 
in which he took issue with all of Lyell’s interpretations and 
with many of his specific illustrations These articles furnish 
the most complete statement of the catastrophi.st counter- 
offensive. Conybeare professed to adhere to the diluvial theory, 
but “only in a general and philosophical sense Theologically, 
I am well contented to let the Scriptural narrati\e lest on its 
appropriate moral evidence, and should onlj feai to weaken 
that evidence by mingling it with my own crurle scientific 
speculations.” This was a new fear with Coin beare, and he 
seems to have mastered it fairly rapidly, because hi^ next 
sentence illustrates nicely the distressing nc'cessity for lecon- 
ciliation which arose from his religious bcdief.s — oi were 
they doubts.'’ 

I hold indeed, that lome, by exhibiting to us the independent 
evident e ol analogous tonvulsioiis in.iy welt be cited, as removing 
from that narrative all objections ausing fiom alleged anteiedcnt 
impiobabihty. but whcthei the diluvial tiaccs we -itill observe geo- 
logically, be the vestiges of the Mosaic deluge, oi whethei that 
convulsion was too tiansient, etc , to leave such tiaces is quite 
another question 

Upon the deluge itself, .\dam Sedgwick's apostasy was 
even more uncompromising and his recantation as president of 
the Geological Society almost ostentatiously manly; 

H.ivinp been myself a believer, and, to the best of my power, 
a piopagator of what I now regard as a philosophic heresy . , I 
think it right, as one of my last acts before I quit this Chair thus 
publicly to read ni}' recantation 

We ought, indeed, to have jiaused before we first adopted the 
diluvian theory, and refetred all our old superficial gravel to the 
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action of the Mosaic Flood. For of man, and the works of his 
hands, we have not yet found a single trace among the remnants 
of a former world entombed in these deposits.^® 

The implication is significant. If relics of humanity had been 
found in the debris of a destroyed world, then we would have 
evidence that the destruction had been wrought by the Mosaic 
flood which, as we know, drowned a great many human beings. 
Sedgwick never abandoned the idea of sudden and universal 
geological catastrophes even though the Biblical deluge could 
no longer be one of them. 

Buckland, at this time, was preparing to meet the uni- 
foimitarian challenge in his contribution to the Bridgrumter 
Treatise s. Much was hoped for froni him by the trustees and 
ilevotees of that once fiopular .series, and in the meantime 
rumors of the course his thoughts were taking were eagerly 
seized upon in scientific circles. Even his opponents never 
doubted Buckland's original sincerity. “Although 1 am con- 
Ninced,'’ wrote Lyell, “he does not believe his own theory now, 
to its full extent, he believed it when he started it.” ” And 
later, Lyell hears that Buckland has changed his plan again, 
and that hi> “mode of reconciling geology and Gt-nesis in his 
B Treatise has been ar>proved of by the Oxford Professors of 
Divinity and Hebrew!’''^'* As it turned out, Buckland never 
mentioned the deluge in his treatise. Sedgwick, indeed, made 
an abortive effort to account for it as a ]>roduct of the paroxys- 
mal earthquakes postulated in Beaumont’s mountain-uplift 
theories.'^® But uniformitarians had no difficulty in blocking 
this new tack of the diluvialists The deluge was finished. 

All this meant, however, was that catastrophism had been 
deprived of its most popular catastrophe Upon the larger 
question of the relations between .scientific th'’ory natural 
causation, and religious truth, the attitudes which had given 
rise to diluviali.sm remained stubbornly unaffected by the 
demise of that specific interpretation. Sedgwick, for example, 
worked up to his criticism of Lyell by way of some general 
remarks on the laws of nature and the comprehension of them. 
He was then president of the Geological Society. His attack, 
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wrote Lyell, was the “severest,” and the one against which he 
must put forth all his energies in the second volume of the 
Principles}^ “1 believe,” declared Professor Sedgwick, “that 
. . . all the primary modes of material action, are as immu- 
table as the attributes of that Being from whose will they 
derive their only energy.” The basic laws of nature, the law of 
gravitation, for instance, or of atomic affinity, are few and 
simple and not yet all discovered, Uniformitarianism con- 
founded imperfectly comprehended appearances with some 
such basic law. It was a Ptolemaic view of earth history. “It 
as-sumes, that in the laboratory of nature, no elements have 
ever been brought together which we ourselves have not seen 
combined; that no forces have been developed b 3 ' their combi- 
nation. of which we have not witnessed the effects.” It cir- 
cumscribes, in other words, God’s operations by our ignorance 
of them. At this level Sedgwick was a penetrating critic 

As an irreducible minimum, catastrophi.sts required that 
theories of natural causation admit of direct providential appli- 
cation. In this demand, never explicitly formulated, lay the 
root of all the troubles, and to satisfy it the Oxford school 
followed Sedgwick onto very treacherous gnmnd Conv'beare 
had calmed down a little by 18 ^ 2 , when, as first prcMdent of 
the new British Association’s geological ®ection. he delivered 
hi.s annual charge: 

No leal philosopher, T lonreive ever doubted that the physical 
causes whith have produced the geological phenomena weie the 
same in kind, however they may h.tvf been modified as to the 
degree and intensify of their action, by the vaijing conditions under 
which thev may have opeiated at diffeient periods It was to these 
narv/w? timdifions that the terms, a different order of things, and 
the like, were, I conceive, always intended to have been ajiplied, 
though these terms may undoubtedly have been by some writer-s 
incautiously used 

Conybeare continued to feel fundamental reservations about 
the identity of causes in degree and in intensity, while admit- 
ting that the Supreme Lawgiver always mi'vod in similar ways 
His wonders to perform. These reservations ultimately pre- 
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vailed, to be sure, though scarcely in the way Conybeare pre- 
sented them. Still, he painted an impressive and persuasive 
picture of a progressing global surface, of a progressive set of 
creations, each more complicated than the last. Sciences even 
had developed in a logically necessary order of succession, 
from astronomy to geology. Gradually the globe had changed 
from a fluid spheroidal mass to a solid crust, itself still cooling 
in paroxysms less and less intense. This globe bore a different 
aspect in every age. As natural forces degenerated from age 
to age, the planet was inhabited by successively more advanced 
animal cieations. 

Sedgwick too had discovered in his meditations upon the 
organic creation the most insuperable objections to unifornr"- 
larianLsm. 

And I ask you, have we not in these things some indications of 
ihanfft* and of an adjusting power altogether different from what 
v^e commonly understand by the laws of nature? Shall we say with 
the naturalists of a former century, that they are but the .sports 
of nature? Or shall we adopt the doctrine of .spontaneous generation 
and transmutation of species, with aU their train of monstrous 
lonsequences? 

l.ycll, to be sure, devotes a chapter to combating successfully 
the latter speculation. “A doctrine may however be abused,” 
thought Sedgwick, “and yet contain many of the elements of 
truth.” 

I think that in the repeated and almost entire changes of 
organic types in the successive formations of the earth — in the 
absence of mammalia in the Older, and their very rare appearance 
(and then in forms entirely unknown to us) in the newer secondary 
groups — in the diffusion of warm-blooded quadrupeds (frequently 
of unknown genera) through the older tertiary systen-s- in their 
treat abundance (and frequency of known genera) in the upper 
portions of the .same series — and, lastly, in the recent appearance 
of man on the surface of the earth (now universally admitted) — 
in one word, from all the.se facts combined, we have a series of 
proofs the most emphatic and convincing, — that the existing order 
of nature is not the last of an uninterrupted succession of mere 
physical events derived from laws now in daily operation: but on 



146 GENESIS AND GEOLOGY 

the contrary, that the approach to the present system of things 
has been gradual, and that there has been a progressive develop- 
ment of organic structure subservient to the purposes of life.*® 

This weighty sentence took Sedgwick onto very thin ice 
indeed, but William Whewell in the British Critic skated even 
closer towards the final catastrophe of the cataclysmic creed: 

It is clear . . . that to give even a ibeoretiral consistency to 
his sy.stem, it will be requisite that Mr. l..yell should supply 
with .some mode bj-^ which we may pass from a world filled with 
otic kind of animal forms, to another, in w'hich they are equally 
abundant, without perhaps one species in common. He must find 
.some means of conducting us from the plesiosaurs and pterodactyls 
of the age of the lias, to the creatures which maik the oolites or 
the iron-sand. He must show us how we may proceed from these, 
to the forms of those later times whidi geologists love to rail by 
the sounding names of the paleotherian and mastodonlean period.s 
To frame even a !iy])0thesi.s which will, with any jilausibility, .supply 
this defi-ct in his .speculations, is a harder task than that which Mi 
IvVell has now executed. We conceive it undeniable (and Mr. l.yell 
would probably agice with us.) that we see in the transition from 
an e.irth jieopled by one set of animals, to the same earth swarming 
w'llh entirely new fonns of organic life, a distinct manifestation of 
c'reative jiower. transcending the known laws of nature: and, it 
aftpears to u^, that geolog}’ has thus lighted a new lamj) along the 
path of natural theology.''** 

So there the cfuestion stood. It could not have been more 
clearly stated. Deluc, Kirwan, Conybeare, Sedgwick, and 
lluckland might almost be described as having written the last 
chapter in a historical interjiretation to which Orosius and 
Gregory of Tours had contributed the early volumes. Their 
approach to natural history in the half-century of their scien- 
tific leadership disguised its lu.st for the catastrophic and the 
miraculous more .successfully, perhaps, than the Seven Boohs 
Against the Pagans, but the compulsion to exhibit examples of 
divine intervention was strong. 

Neptunists and catastrophists set themselves a task which 
ultimately proved self -contradictory. They accorded complete 
philosophic validity to whatever results Baconian induction 
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might bring them; and they also required these results to dis- 
play the structure and development of tlie material world as 
the history of an intending Providence with a moral purpose, 
as physical evidence not only of God’s power but of His will 
and His immediacy. However firmly they might insist that 
Genesis was not designed to teach the truths of science, or the 
Geological Society to teach the truths of morality, still truth, 
as Sedgwick felt, could not be inconsistent with itself. The 
central thread of interpretation became finer and finer. One by 
one its strands were broken and the weight of demonstration 
put upon those remaining — the six days of creation, the six- 
thousand-year span of earth history, the birth of our i)re.sent 
globe in a primeval diluvium, the antujuity and original paient- 
agc of species, the dynamical efficacy of divinely ordained 
cataclysms, the flood itself. Finally, the conception of a di- 
vinity who must continually interfere with his arrangemerKs in 
order to prove him'.elf a governing force depended upon the 
immutability of different manifestations of life. 1'hi« was the 
one remaining .strand. Publicists of tlie school of theological 
science rushed to hang upon it, and of course Ihey hanged 
themselves with it. In Sedgwick’s view, 

(teology, like every other science when well inteqireted, lends its 
.lid to natural religion. It tells us, out of its own records, that man 
has been but a few vears a dweller on the earth; for the traces of 
him.self and of his woiks are confined to the last monunicnis of 
Us histoi3c Independently of ever}' wiitten testimony, we tlieiefore 
iK'lieve that man, with all his powers and appetencies, hi.s marvellous 
structure and his fitness for the world around him, was called into 
being within a tew thousand years of the days in which we live — 
not by a tran.smutation of species, (a theory no better than a 
phrensied dream), but by a provident contriving power. And thu-. 
we at once remove a stumbling block, thrown in our way by those* 
who would rid themselves of a prescient first cau.se. by trying to 
resolve all phenomena into a succession of constant material actions, 
ascending into an eternity of past time.'*'' 

Lyell, said the catastrophist.s, by dramatizing the nece.ssity for 
getting from one form of life to another and for explaining the 
unique character and recent appearance of man, had offered 
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the final proof for the incessant and ubiquitous application of 
God’s creative powers to a universe which He had ordained, 
and the natural laws of which were few. perfect, and simple; 
beneficent when properly understood; and unchangeable (ex* 
cept by God). 

In the 1830’s, however, no one, not even Lyell, pressed the 
argument to its logical conclusion. It will have been noticed 
that the anti-Mosaic schools also labored under the conven- 
tional obligation to point out how their larger understand- 
ing put God’s works into a more sublimely necessary focus 
than the puerile and unscientific approach of Neptunist or 
ratastrophist. Further, there were certain received empirical 
boundaries which Huttonians and uniformitarians themselves 
never thought to question. Playfair and Smith admitted a 
flood; Lyell’s 1830 man was recently created and his animal 
species unique and more permanent than the progressive crea- 
tive installments on which Sedgwick took insecure refuge. F\en 
the attacks, then, upon the theories of religious materialism did 
not spring from a point of view fundamentally opposed to the 
idea of apprehending the divine through the sort of manifesta- 
tions which guide an engineering project. Vulcaiiism and 
uniformitarianism were .simply further stages in the retreat 
from the rigorous fundamentalism ot Kirwan and from the 
philosophic inspiration of Priestley. 
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The idea, then, which I form of the progress of organic lift upon the globe — 
and the hypotliesis is applicable to all similar theatres ol vital being — is, that 
the fimpUst and most primitive type, under a law to which that oj li{e pro- 
duction IS sffbofdinate, gate birth to the type next above it, that this again 
ptoduced the next higher, and so on to the very highest, the sUges cf advance 
t»eing in all casts very small — namely, from one species only to another; so 
that the phenomenon has always been of a simple and modest character 

— VeUtgts of the Natural lii<tor\ of Creation ^ 


I 

I T WOULD HAVE BEEN IMPOSSIBLE DOt tO Understand the r^’5 
oi Creation, however full of nonsense the first few editions 
A^ere. Robert Chambers had anonymously taken up the chal- 
leiu^e which Adam Sedgwick, William Whewell, and the catas- 
trophists had presented to Lyell: how to explain the progression 
of organic forms in view of the uniformitarian requirement 
of an unvarying natural law. The answer, plausible and un- 
scientific as it was, provoked a pitch of popular excitement 
seldom paralleled in the annals of scientific controversy. 
Sedgwick, even though he had originally put the question so 
that it almost begged the answer, had never seriously imagined 
the matter would come to this. He was horrified: 

The world cannot bear to be turned upside down, and we are 
ready to wage an internecine war with any violation of our modest 
principles and social manners. . . It is our maxim, that things must 
keep their proper places if they are to work together for any good. 
If our glorious maidens and matrons may not soil their fingers with 
the dirty knife of th** anatomist, neither may they poison the springs 
of joyous thought and modest feeling, by listening to the seductions 
of this author; who comes before them with ... the serpent coils 
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of a false philosophy, and asks them again to stretch out their 
hands and pluck forbidden fruit — to talk familiarly with him of 
things without raising a blush upon a modest cheek; — who tells 
them — that their Bible is a fable when it teaches them that they 
were made in the image of God — that they are the children of 
apes and the breeders of monsters — that he has annulled all dis- 
tinction between physical and moral (p 315) — and that all the 
phenomena of the universe, dead and living, are to be put before 
the mind in a new jargon, and as the progi«“Ssion and development 
of a rank, unbending, and degrading materialism.® 

This was a cry from the heart of a scientist upon whom 
had suddenly flashed the full implications of his own en- 
deavors, and who refused to understand them. The very frame- 
work of society seemed threatened, and this was one of the 
basic points at issue though it was not always made explicit 
since the question was ostensibly a scientific one. But there 
appear in Sedgwick’s outburst certain words and phrases of 
which the conceptions and unspoken definitions turn up again 
and again in the literature, and which carry the debate beyond 
the bounds of scientific disagreement into the sphere of social 
values; modest principles and social manners, things in their 
proper places, physical and moral truth, and “degrading 
materialism.’’ 

The controversial hue and cry set up upon appearance of 
(he Vestiges reached a far wddei audience than the one which 
had followed the relatively temperate discussion of uniformi- 
tarianism. For several decades all the respectable leaders of 
scientific opinion, of whatever school, had been actively en- 
gaged upon the project of popularizing natural philosophy 
among mechanics and disseminating science to untutored mul- 
titudes.® The result, it was thought, could only elevate the 
moral sentiments of the working class and stabilize its situa- 
t.y dvTftoTistTatrag the providential and material necessity 
and the comprehensive beneficence of industrial arrangement.^ 
Uniformitarian disputes had not disturbed this hopeful pro- 
gram. But now, it suddenly appeared, it made a great deal of 
difference what sort of science was popularized. Hitherto sci- 
entists themselves, misunderstood to be sure, had been un- 
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fairly charged with encouraging infidelity and moral anarchy 
And just as they were successfully solidifying the religious 
cement of industrial society, a real heretic, cleverly and falsely 
got up in the guise of science, came to undo their labors and 
to demolish the framework. 

The decade separating the Principles of Geology and the 
Vestiges of Creation had been one of industry and harmony 
in the temple of nature. The catastrophisl issue tended to be 
(ome an abstract question of philosophical attitudes lather 
than a matter of primary importance in exj)laining coological 
d\namirs, jiartly because the origins of earth history receded 
further and further into the distance on a time scale which, 
if it was not infinite, at least defied common-sense compte 
hension as firmly as a twentieth-century national debt Cat.is- 
Irophists actually accomplished more in extending ihe fion- 
tiers of knowledge than unifoimitariaiis did Sedgwick and 
Murchison succeeded in identifying the Cambrian and Siluiian 
systems of the Paleozoic and in fixing the position of these 
foiinations m the geological succession Towards the end of the 
i8?;o’s. Agassi/ began to make a name for himself, first with his 
researches on fossil fish, upon which he became the last word at 
the time, and later with his convincing demonstration of the 
existence of a glacial epoch in the temperate zones The latter 
discovery, romantic enough to appeal to the popular imagina- 
tion, gave him great prestige as a source of authoritative pro- 
nouncements Glaciers gave catastrophism a new lease on life, 
and Agassiz was the most influential individual link between 
catastrophism and the theological-scientific opposition to 
Darwinism Meanwhile, the government was sufficiently im- 
pressed with the utility of geology to sponsor the Geological 
Survey, the earliest official interference in ihe domain of 
science. The much criticized British Association was estab- 
lished in 1832. Prominent among the founder, .^ere the leaders 
of the Geological Society, who sought an opportunity for the 
interchange of ideas and practical applications with other 
sciences and who weie weary of bearing the entiit weight of 
the theological opprobrium which their own studies had called 
down upon natural philosophy. 
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At no time during the scientific controversies of these 
decades, even though these disputes were themselves suffi- 
ciently theological, did clerical critics cease their fulminations 
against science in general and all its works. Buckland and 
Sedgwick, Agassiz and Hugh Miller, were consigned to perdi- 
tion as enthusiastically by these writers as were Hutton and 
Lyell, and later Darwin. Some reasonably reputable theo- 
logians, like Edward Bouverie Pusey and Dean Cockburn of 
York, contented themselves with simple denunciations of sci- 
ence either because in their view it required adoption of 
strained or at least heterodox opinions about the Bible, or 
because they thought that it encouraged the human intellect to 
rely presumptuously on its own powers unaided by divine 
authority and eventually led to a materialistic, even an 
atheistic, philosophy. Others, men of the lunatic fringe, like 
Granville Penn, John Faber, Andrew Ure, and George 
Fairholme, got out their own fantastic geologies and natural 
histories, a literature which enjoyed a surprising vogue, but 
which is too absurd to disinter.^ None of it marked any ad- 
vance over Kirwan. Dean Cockburn and his followers made 
enough of an impression, however, to awaken considerabU' 
opposition to Peel’s presentment of Buckland to .succeed 
Wilberforce as Dean of Westminster. No one had trod out the 
Creator’s scientific grapes more diligently than Buckland, but 
Mrs. Buckland remarked gratefully how courageous it was of 
Sir Robert to appoint a man of science to .so prominent a post 
in the Church.® Meanwhile, all during the 1830’s, descriptive 
scientists of all schools continued to publish volumes embody- 
ing the results of their researches in the elaboration of a natu- 
ral theology which was both teleological and mechanistic. 
Characteri.stic literary productions in this vein w'ere the eight 
Bridf>ewatcr Treatises, of which more will be said later, deal- 
ing with “the Power. Wisdom, and Goodness of God, as 
Manifested in the Creation.” 


2 

In this harmonious chorus insistently singing the benefi- 
cence of providential design in nature, the Vestiges 0] Creation 
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struck a stridently discordant note. It may seem odd that it 
should have done so, because its argument was encased within 
the framework of natural theology. The Bridgewater Trea- 
tises, however, emphasized divine design and divine govern- 
ance: while the Vestiges was concerned with naturalistic de- 
velopment, which Chambers, with a certain disregard for logic, 
sometimes described as a consequence and sometimes as a 
proof of the proposition that the universe is one of law and the 
law itself an expression of the Deity’s mind: 

II bein'* admitted that the system of the Tniverse is one under 
the dominion of natural law (natural law being guardedly defined 
as a mere term for that order which the Deity observes in his 
operations), it follows that the introduction of .species into the 
world must have been brought about in the manner of law also.® 

IT'S critics, felt Chambers, had fastened upon the develop- 
ment hypothesis, which he had proposed merely as a plausible 
explanation of certain unseen phenomena, as if it were the 
fundamental thesis of his book and had totally ignored that 
fundamental the.sis, which was the dominion of natural law.'' 

Chambers thought that in the concept of “development” he 
had suggested a physical law of nature which would turn out to 
be as fundamental and binding as the law of gravitation. 

It i*! mo^t interesting to observe into how small a field the 
whole ot the mysteries of nature thus ultimately resolve thems‘*lves 
The iuoreanic has one final comprehensive law, (tRAvitatton Thr 
organic, the other great department of mundane things, rests in 
like manner on one law, and that is, — Dr vklopm^.nt. Nor may 
even these be after all twain, but only branche.s of one still moie 
comprehensive law, the expression of that unity which man’s wit 
can scarcely .separate from Deity itself.® 

In arriving at this, the concluding sentence of his argument, 
Chambers conducted his readers hastily through the entire 
domain of natural philosophy. His range of illustration was 
very wide indeed, his understanding often .shallow, and his lit- 
erary style always pleasing. 

The Ve%tigcs opens with a description of the outer spaces 
of the universe, the solar system, and the formation of stars 
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and planets according to the nebular hypothesis. Comte’s 
writings had impressed Chambers very forcibly. Just because 
our earth has assumed a form which seems final to us, he re- 
marks, we must not suppose that the processes of cooling, 
condensation, and coiigelation are not e\ en now forming other 
systems, unthinkable distances away C'hambers lost no time 
in suggesting his point of view: 

If we (ould sup]io‘'e a number of | "isons of vanou'> eqe-' pre- 
sented to the in'iix'ction of an intelligent hemR newly introduced 
into the woild, we cannot doubt that he would soon become con 
etneed that men had once been bo>s that boys had once bc*en 
infants and, finall>, that all had been brouRht into the world in 
exartlj the '•ame circumstances Precisely thus seeing in our astral 
svstern man> thousands oi worlds in all stages of foimation from 
the most rudimental to thai immediatch pieceding the piesint con- 
dition of those we deem {lerfc'ct it is una\oidable to ccuicludc thit 
all the pc'rfect have uone through the vaiiou'- st urcs whuh wc sre 
111 the rudiment il 

The first hall of the book i^ devote'd to a popular dcscrijilion of 
the geological succession, in which the interpretation is more 
umformitarian than catastrojihist, and to an exposition of the 
chronological piogressiou of organic forms, both vegetable 
and animal Emphasis was put upon the stc'addy increasing 
complication and elaboration of orpani/.td beings- 

In puisuing the pioRie^-- nt the de\(*loDinent of both plants and 
animals upon the ehibe wc haie seen an ad\ nice in both i 'ises 
along the line — or it may be lines - leading to the higher forms 
of organi/ation In shoit, we 'ti everywhere thioughcmt the 
geological histoiv stioiig tiices ot a parallel advance of the physical 
conditions and tbt organic forms 

This being patently the case, the generally received idea of 
oiganir creation required modification although the source of 
creation could not of course, be held in doubt ‘‘That (lod 
created animated beings, as well as the terraqueous theatre of 
Ibeii being, is a fact so powerfully evidenced, and so univer- 
sally received, that I at once take it for granted.’’ But the 
prevailing notion of the manner in which He had done so, “that 
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the Almighty Author produced the progenitors of all existing 
species by some sort of personal or immediate exertion,” was a 
very absurd and superstitious formula, a product of miracle 
mongering and not of science. 

How can we suppose an immediate exertion of this creative 
power at one time to produce zoophytes, another time to add a 
lew marine mollusks. another to bring in one or two ciustacea, 
again to produce crustaceous fishes, again peiiect fishes, and -.o on 
10 the end This would surely be to take a vcr> mean view of the 
Cieatire Power — to . . reduce it to some siuli chai alter that 
oo . e Ia the ordinary proceeding® of mankind.’* 

It is more logical, more harmonious, and more befitting the 
'^rtator's dignity an! ciaftsnianship to supjiosc that the oi- 
vanic creation, like the inorganic, was a single' event, an exer- 
tion of supreme power including in its fiat the simple', funda- 
mental laws w'hich prescribc'd the course of descent taken by 
the fornis of life from one species to another “ riie Ktern il One 
has arranged for cvoi> thing boforehaiid, and trusted all to the 
operation of the laws of his apjroiutnient. himself being ever 
jirescnt in all things.” 

Having dpri'’ed bis theory chiefly from astronomical and 
gc'ologiial evidence, (diamhers proceeded to illustrate and sus- 
tain It by matcri.al diawn from natural history, chemistry, 
embryology, phrenology, philologv, and aichac-ology. His un- 
derstanding of these subjects was none too sound, but be pre- 
sc-nted them with attraitive ease .\lthougli he critiri/c'cl 
Lamarck for the absurdity of his view of the causes and 
mechanism of traiisn. illation,” Chambers was considerably 
less satisfactory than T amaick upon iliis essential point. “Or- 
ganic life,” he remarked. “/>rcivc’i m . . vvherevcT there is 

room and encouragement lor it, the fornis being always such as 
suited the circumstances, and in a certain relation to them ” ’ ’ 
L'nfortunately, Chambers placed gicat emphasis on the life- 
creating pow’ers of galvanism, chiefly because of the experi- 
ments of an obscure IMr Crosse, who thought he had generated 
a new species of (uann in a wet cell. Mr Crosse’s claims 
createii quite a stir, until it turned out that his creation was a 
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common parasitic mite which had come off his fingers while he 
mixed his electrolyte.^® 

The presentation of supporting evidence in the Vestiges 
abounded with similar egregious absurdities, misinterpreta- 
tions, and vagaries. According to Darwin, the later editions 
were very much improved,^^ and even in the early versions the 
historical treatment of comparative anatomy presented a seri- 
ous argument for the basic presumption. But despite Cham- 
bers’ occasional flashes of insight, no scientist could see any 
meaning in the only mechanism suggested: “the fundamental 
form of organic being is a globule, having a new globule 
forming within itself, by which it is in time discharged, and 
which is again followed by another and another, in endless 
succession.” 

Chambers did the argument no service by relying heavily 
upon the biological theory of recapitulation. Every individual, 
he seemed to think, literally goe^ through embryonic stages of 
being an invertebrate, a fish, a reptile, and so on He had very 
little sense of the limitations of illustrative analogy; the acci- 
dent that frosted vai»or on a windowpane often c rystallizes in 
designs reminiscent of fern leaves, he thought an illustration of 
the identity of organic and inorganic matter On another page, 
a farmer is described as having sowed oats and raised up rye 
in a practical, if accidental, confirmation of transmutability 
of forms"" Comparative phrenology was not a very satisfac- 
tory tool with which to analyze and to explain the relative in- 
tellectual capacities, much less the moral characteristics, of 
man and of the lower orders. And the proposed classification of 
animated nature had neither descriptive validity nor simplicity 
to recommend it. Man’s place in the* .system was. of course, the 
most shocking thing in the book* ‘'Man, then, considered zoo- 
logically, and without regaid to the distinct character assigned 
to him by theology, simply takes his place as the type of all 
type.s of the animal kingdom.” .Are there then to be, as condi- 
tions change, “species superior to us in organization, purer in 
feeling, more powerful in device at»d act, and who shall take a 
rule over us”? Very likely so, although “the present race, rude 
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and impulsive as it is, is perhaps the best adapted to the pres« 
ent state of things in the world.” 

“The book,” said Chambers in explanation of why he 
wrote the Vestiges, “is an emanation of the higher feelings.” 
His purpose had been simply to show “that the laws of nature 
appear as the expressions of a Will external to the world, lead- 
ing us to the conception of a divine originator and ruler of all 
things.” “■'’ To the accusation that he described inanimate 
matter as capable of taking on life and mind by its own in 
herent powers, he replied, “I believe in a personal and intelli- 
gent God, and cannot conceive of dead matter receiving life 
oU’crwise than from Him, though of course in the manner of 
order or law.” This compulsion to refer all experience to the 
operation of a unitary system of law was particularly out- 
rageous in the eyes of the critics who deplored the social and 
leligious heresies implicit in the Vestiges For Chambers urged 
the view that the human intellect wa^ a phenomtnon which 
differed from the mental equipment of lower animals only in 
point of refinement of operation. Animal instinct, he thought, 
was clearly a nervous matter, and the training of dogs and 
horses a process no different from education."''* Religious phi- 
lo'^ophy had put itself in a false position by separatme mind 
from biological organization and identifying soul with mind. 
Human affairs are not to be distinguished from material events 
One can, for example, predict the incidence of crime by statis- 
tical experience just as one can predict the position of the 
planets. 

This statistical regularity in moral affairs fully establishes their 
being under the presidenc> of law. Man is now seen to be an enigma 
only as an individual; in the mass he is a mathematical problem. 
It is hardly necessary to say, much less to argue, that mental action, 
being proved to he under law, passes at onre into the category of 
natural things, ft® old metaphysical charact**! vanishes in a mo- 
ineiit, and the distinction usually taken between ph3'sical and moral 
IS annulled."* 

This left Chambers face to face with the nemc.si.s of all 
moralists, a rationalization of evil The constitution of creation 
rests upon a beneficent fundamental law of development, the 
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decree of a “Being transcendently kind.” But the resultant 
plan represents the integration of a vast complex of subsidiary 
laws and goods, and evil is produced in the exceptive case 
when one of these operates in excess or upon a wrong object 
Both wind and sea are useful agencies of transport even 
though sailors sometimes drown 

Chambers wrote his book in a characteristically Victorian 
spirit of materialistic reverence. He foresaw, however, that he 
would be treading upon tender theolo/'ical toes He took ex 
traordinarj' precautions to conceal his identity while arranging 
for publication, correcting proof, and preparing later editions 
k number of objections were anticipated in the text. To the 
argument that received opinions about creations as opposed to 
creation were derived from Scripture, Chambers opposed the 
view— tacitly adtnitting the una^sailability of Holy Writ - 
that Genesis presents the creative procedure “as flowing jrom 
(ommands and rxptcsdons of unll not from direct ads . . 
‘(iod forniid man in his own image’ cannot well be understood 
as implying any more than that man was produced in 
consequence of an ex['ress’on of the Divine will to that effect ” 
Similarly with the c\i»ress<ons, “Let there be light — let there 
be a firmament - let the dry land appear — let the earth bring 
forth glass, the herb, the tree - let the winters bring forth the 
moving creature that hath life — let the earth bring forth the 
living creature after his kind ” Indeed, quoted this way, it all 
sounds rather like development 

To the contention that the development hjq^othesis was de- 
grading to the dignity of man. Chambers answered with a flat 
“Nonsense ” If it has pleased Providence to arrange our 
descent from other species, so be it; ours to admire the perfec- 
tion of the plan, not to criticize it Anyway, degradation is a 
relative idea, a product ot prejudice 

Wete v,( acquainted for the first time with the circumstances 
attendina: the production of an individual of our race, we might 
equally think them degrading, and be eager to deny them and ex 
elude them from the admitted truths of nature Knowing this fact 
familiarly and beyond contradiction, a healthy and natural mind 
finds no difficulty in regarding it complacently 
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Even more absurd, however, was it to urge that it befitted 
the Creator’s omnipotence, omniscience, and benevolence to 
suppose Him incapable of arranging His works once for all. To 
imagine the Divine Craftsman as forever fiddling with Hi.s 
materials, forever so dissatisfied with one creation of rocks or 
animals that He wiped it out in order to try something cKe, 
was to invest Him with mankind’s attributes instead of the 
other way about. Nor could one rationally suppose that He 
proceeded any differently in the moral, intellectual, and or 
ganic aspects of His plan from the way in which He dLsposecl 
of inanimate materials. The only value of hii book, thought 
Chambers, lay in its religious import, for it took knowledge to 
admire the divine. 

When all is seen to he the result of law, the idea of cui Mm., ht; 
Author becomes irresistible, ftu the cicalion of a law tor an cndlcs 
sciics of phenomena-- an act of mtilhgeiue abtn’o all ^1-f that we 
can conteise - could have no other imagm.ible source''' 


3 

Chambers had a number of things in common with Hugh 
Miller, his most damaging critic. They weie both Scotsmen. 
They were both among the last represcntali\es ol the self- 
taught naturalist of universal interests whose cultivation of 
natural history had turned that genial [lursuit into the sciences 
of geology, biology, paleontology, zoology, and so forth, each 
of which was becoming so exten'-iv* and technical that 't was 
soon impossible for the amateur tu keep up with the whole 
field and increasingly difficult for him to master even one 
branch of the subject. Like most ol their kind, (’hambers and 
Miller were more enthusiastically interested in the meaning of 
science than in science itself. Both were C'di'iyrs of very influen- 
tial weekly journals which were pitih^d to the purse and com- 
prehension of working men. They both wrote well and volumi- 
nously and upon a staggering variety of subjects. Although 
they disagreed explosively about development, their careers 
offer characteristic examples of the prevailing effort to form 
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popular attitudes by retailing the lessons to be learned from 
the shape of nature. 

Certainly Miller and Chambers satisfied the public’s om- 
nivorous appetite for enlightenment with weighty fare. Having 
turned his hand to very nearly everything else, Chambers 
could not have been expected to permit the limitations of his 
knowledge of natural philosoi»hy to prevent him from epito- 
mizing the fundamental lessons to be learned from it. During 
the course of their publishing partnership, he and his brother 
provided the grateful booksellers with a series of productions, 
the titles of which recall the niustily earnest character of the 
trade. There were Chambers’s Commercial Geography oj the 
World, Chambers’s Concise Gazetteer oj the World, Topo- 
graphical. Statistical, and IJistorual; Chambers's Bioeraphi- 
(al Didtonary: The Great of all Times and Nations; and 
Chamb(ts’<! Em y( lopai dia A Dktionarv of Useful Knowl- 
edge Those who sought rather to cultivate their tastes than to 
expand their information could turn to Chambers's Cyclopae- 
dia oj English Litiraturt, which offered “A History critical 
and biographical of authors in the English tongue from the 
earlie'-t times until the present day, with sj)ccimens of their 
writings ” There were two senes to assist the schoolmaster, 
Chambers's Graduatid Readers and Chambers's Edue ational 
Course, which latter included A Treatise of Practual Mathe- 
matiii, Mathemahial Tables. Rudiments oj Vegetable Phys- 
iology, and Rudiments of Zoology Travelers could avail them 
selves of Chambers's Handy Guide to London and Chambers's 
Handy Guide to Pans, and on their wav thither could regale 
themselves with Chambers’s Miscellany of Instructive and 
Elntertaining Traels. Stay-at-homes had Chambers's Home 
Book; or. Pocket Misee'llemy, an improving anthology. 

In the periodical field, the house published Chambers's 
Edinburgh Journal, an eight-page weekly begun in February 
1832 and continued for some years after its founder’s death in 
1871.'*^ Chambers set the price at three halfpence, and de- 
scribed his objective in the first leading article: 

The grand leading principle by which I have been actuated, 
is to take advantage of the universal appetite for instruction which 
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at present exists; to supply to that appetite food of the best kind, 
and in such form, and at such a price, as must suit the convenience 
of every man in the British dominions. Every Saturday, when the 
poorest labourer in the country draws his humble earnings, he shall 
have it in his power to purchase, with an insignificant portion of 
even that humble sum, a meal of healthful, useful, and agreeable 
mental instruction.*'*'* 

Included within the paper’s scope would be “Literary and 
Scientific Subjects; The Formation and Arrangement of Soci- 
ety; The British Constitution; Education; Topograpliy and 
Statistics, relative to Agriculture, Gardening. Planting, Sheep- 
farming, The Making of Roads, Bridges, and Canals; the es- 
tablishment of Ferries, the best means of Conveyance by Land 
and Water, Increase of Population; the uses of Machinery to 
.simplify Human Labour, Manufactures, etc ’’ The Journal 
never changed its character. Only party politics were excluded, 
officially so at any rate. There was offered, however, informa- 
tion on emigration for the poor, pieces on political economy 
of a Benthamite character, bits on history, current events, 
and foreign affairs, book reviews, agreeable sketches for the 
naturalist, and for “.Artisans . . . instructive little paragraphs 
from the best writers on the various branches of their indus- 
try ” Home-bound cottagers, unable to get to church, would 
find pithy and edifying passages from the Biifie and the great 
British moralists and selections from Bacon, \ewton, and the 
Encyclopedist s.*’® 

While supervising and preparing this material, Chambers 
still made time to cultivate his interest in natural philosophy, 
in the manner of the •well-roundecl Edinburgh gentleman of 
the day. He used often to make excursions for the purpose of 
geologizing, and he would now and again turn his hand to an 
illuminating dissection. Occasionally he read papers about his 
observations before the philosophical societies in Edinburgh 
About 1841, he retired to the Highlands in order to prepare 
himself to write the Vestiges. His reason lor doing so, amateur 
though he admitted himself to be, was that scientists had be- 
come specialized to the extent of being incapable of taking a 
comprehensive view of their materials. “The consecjuence 
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is that philosophy, as it exists amongst us at present, does 
nothing to raise its votaries above the common ideas of their 
time.” Their limited horizons, thought Chambers, explained 
the all but universal opposition of scientists to his views 
and justified his flying in the face of prevailing professional 
opinion. His book, he wrote, “is the first attempt to connect 
the natural sciences into a history of creation,” 

He may not, however, have been prepared for the violence 
of the opposition. Huxley described his rcc ction to the Vcstigc% 
as one of savage iiritation produced by the ‘prodigious igno- 
rance and thoroughly unscientific habit of mind manife'^ted hj 
the writer ” His review of it, he later declared, was the onb 
piece he had ever written cast in language so extreme as to 
(.ause him pang-^ of renior'^e Huxley’s attitude owed nothing 
to religious preconception, but he and Darwin were almost the 
only nalurali‘-ts in England of whom this may be said The 
modern reader i^ likely to feel inclined to treat Chambers’ 
woik.'' tenderly One may not. however, captiously dismiss the 
fact that around 1^50 few scientists of any note in Britain had 
a good word to say for develojimdit or a kind one for Ih.c 
author of the lVvr/"c^ C'atastrophist and uniformitarian, as- 
tronomer and biologist, ioined in repudiation. Even to quote a 
sentence or so from each of ‘tie leading figures would reejuire 
pages- they all spoke out: Herschel, Whewell, Forbes, Dwen, 
Prichard, Iluxlev. Ejell. Sedgwick, Murchison, Buckland, 
Agassi/. Milieu, and otliers. 

So far as they criticized the prevsentatiem of the evidence on 
scientific grounds, there could be very little reason to disagree 
with their concluMoii'-. With benefit of hindsight, however, it is 
difficult not to read into the a certain suprascientific 

intuitive validit>, which its critics almost seem to have felt and 
feared. One Ls haul put to it otherwise to account for the tre- 
mendous attention it excited. Bu.sy and hard-pressed profes- 
sional men expended a great quantity of tiine and ink upon a 
volume they described as worthless Other pseudoscientific 
book.s, equally unencumbered by original research or under- 
standing. were appearing constantly’ without receiving any 
notices at all from scientific men. Even for scientists, then, the 
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trouble with the Vestiges was not to be found simply in the 
violence it did to its subject. The analogous productif)ns of 
men like George Fairholme, Andrew Urc, and John Pye Smith 
set forth sillier, less well-informed systems of nature reconcil 
ing the Mosaic record with empiiioally misconceived fact. 
Their errors cannot liaxc seemed sufi'ifiently damaging to sci- 
ence to merit professional refutation because no one bothered 
to refute them, but the Vestig(s struck a note which, besides 
being erroneous, was “dangerous” -- a word which creeps into 
all the leviews and into all the correspondence and reflects a 
state of mind transcending scientific disapproval. 

Whatever the explanation, the I’c '.tiges was enormously 
read It went through four I'ditions between October 1844 and 
April 1845 and eleven editions bv 1860.^*' There was, thought 
Chambers a great demand for his book among workingmeii, 
and the fifth, sixth, and seventh editions were pi iced to satisfy 
it ” Very likely, the workingman was not so deeply stirred by 
this as his betters feared or, indeed, as they were themselves 
Tor months the authorship of the book vva'' a favorite topic for 
speculation at every eonvasazione, dinner part}’, and scientific 
meeting. Xothing like it had occurred rince Wovtrhy. Among 
the leading candidates were I'hackeray, Lady Lovelace, Sir 
Richard Vyvyan, Sir Charles Lyell, George Combe, and even 
Prince Albert.^® 

There was scarcely a single periodical which did not carry 
a review or an article called forth by the Most of the 

pieces took occasion to discuss the largi r (juestion of devekip- 
ment and the ultimate meaning of the current understanding 
of natural history.^* At this time Sir Henry Holland was writ- 
ing scientific articles in the Quarhrly, and in 1849 he summed 
up the progress achieved in the preceding decade in a forty- 
page review. The great quc«^tion had been whether man had 
evolved or whether he was descended from a single, specially 
created pair. Let no one object in advance that Scripture al- 
ready answers this issue; the sacred writings do not teach us 
science in detail. Reason and research, unaided by the Penta- 
teuch, demonstrate “that all races and diversities of mankind 
are really derived from a single pair; placed on the earth for 
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the peopling of its surface, both in the times before us, and 
during the ages which it may please the Creator yet to assign 
to the present order of existence here.” ** And then, two pages 
later: “It is, however, this affirmation of the origin and multi- 
plication of mankind from a single pair of created beings 
which forms the great link between the Scripture narrative and 
the subject before us.” *•’ Some similar comment summarized 
the prevailing argument in the great majority of judgments. 

The Quarterly reaffirmed the credibu'ty of the Bible, the 
Westminster took advantage of the occasion to emphasize the 
desirability of informing the workingman about the facts of 
industrial life, and the Edinburgh pointed with alarm to the 
danger of doing so in a way which would destroy the religious 
and moral foundations of society. Discussion of the topic of 
development centered along these three lines, all of which it 
seemed somehow to bring into question. The Westminster 
Review was almo-it alone in ignoring the religious and moral 
implications of the Vestiges. It was, they felt, an atrociously 
bad book, but the fault lay at the door of professional scientists 
who had abdicated their responsibilities for presenting the re- 
sults of their work in books comprehen.sible by the “mass of 
thinking unscientific men.” Indeed, “We feel under obligation 
to the author, if only for having excited the angry sarcasm of a 
scientific critic, and tickled the dull repose of collegiate 
orthodoxy.” ** 

This was a shaft aimed at Professor Adam Sedgwick, who, 
everyone knew, had written the outburst in the Edinburgh, 
quoted at the opening of this chapter At that time Sedgwick 
enjoyed a distinguished reputation, not only as a producing 
scientist but as a progressive educator and as a moralist of 
considerable importance. A few years previously he had ex- 
cited a good deal of liberal acclaim in a well-publicized debate 
with Dean Cockburn of York, who had rather unwisely, if 
courageously, chosen a British Association meeting as a suit- 
able occasion for imputing unbelief and infidelity to Buck- 
land’s irreproachably pious Bridgewater Treatise.*"^ Now that 
a real heresy had appeared, Sedgwick stood forth the acknowl- 
edged champion of truth and orthodo.xy. No one else, thought 
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McVey Napier, then editor of the Edinburgh, could so effec- 
tively scotch the “serpent coils” of false philosophy. Sedgwick 
wrote his review as the spokesman for responsible scientists, 
and he took into consultation a number of his colleagues — 
Lyell, Sir Richard Owen, Sir John Herschel, and others.^** The 
resulting review was cast in a vein of hysteria, though, even so, 
it was not so hysterical as Sedgwick’s private opinion of the 
Vestiges. He had no trouble, of course, in ridiculing the absurd- 
ities in Chambers’ book, nor in demolishing its scientific pre- 
tensions. But he seems to have been afraid that this was not 
enough and to have felt that he must set forth an alternative 
scheme. 

I do from my soul abhor the sentiments . . . faBe, «hallow, 
worthless, and with the garh of philosophy, starting from principles, 
which are at variance with all .sober inducuve truth. The .sober 
farts ot geology .shuffled, so as to pl.iy a rogue’s game, pluenology 
(that sink-hole of human folly and prating coxcombry): .‘-pon- 
taneous generation; tiansmutation of species; and 1 know iwit what; 
all to be swallowed, without tasting or trying, like so much hor.se- 
])hysic'! Gross credulity and rank infidelity joined in unlawful 
marrhage. and breeding a deformed progeny of unnatural conclu- 
sions! ... If the book be true, the labours of .sober induction are 
in vain; religion is a lie: human law is a mass of folly, and a base 
injustice; morality is moonshine; our labours for the black people 
of Africa were works of madmen; and man and woman are only 
better bea.sts! When I read some {cages of the foul book, it brought 
.Swift’s .satire to my mind, and filled me with such inexpie.ssible 
disgust that I threw jit] down . . . and ciied out to myself: “Give 
me an ounce of civet, good apothecary, to sweeten my imagination.” 

This frame of mind required Sedgwick to refute the very 
idea of development. It was not sufficient .simply to dLscredit 
the Vestiges, because, as he wrote Agassiz, there was a danger 
that the “dark school” which it repre.sented would gain ground 
in England.'’® His reasoning was a good deal more transparent 
than his literary style. Even though he admitted the limits of 
variation within species to be not well known, Sedgwick re- 
garded the failure of naturalists ever to have observed a case 
of transmutation as a strong indication that it could never have 
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taken place.®^ Neither, of course, had they ever witnessed 
separate and distinct creations, but this did not occur to him. 
Geological progression he could not deny, he himself having 
contributed so much to its comprehension, but he described 
each epoch in the fashion of a lecturer illustrating his subject 
with colored slides. The “Hypozoic” flashed upon the student’s 
view full formed and was as .suddenly withdrawn to give place 
to a dark and uneasy void. A mysterious and vaguely inept 
.shuffling in the back of the room, and a panorama of the 
Paleozoic appeared iif)on the screen, followed by another In- 
terval of blarkne.s.s before the Triassic leapt into sight. In 
Sedgwick’s kaleidoscope it was empirically impossible to 
follow events during the intervals when the Creator had his 
thumb on the button and whirled the bits into a new pattern. 
In fact, except that Sedgwick’s view of dynamics was not uni- 
formitarian, he presented an argument against development 
very like the one for which he had attacked Lyell some four- 
teen years earller.'*- 

Sedgwick drew very heavily upon Cuvier and Agassiz in 
presenting his orthodox cosmogony to the juiblic, emphasizing 
the unbridgeable gaps between species and organic orders 
which corresponded with similar ga[)s between geological 
periods. The case was summed up in a ciuotalion from Agassiz: 

As for me, T am convinced th.at species have been created re- 
}>eatedly and siucessively . . . and that the changes which they 
have undergone during any one geological epoch are no more than 
very secondary and are related only to their greater or le.sser fecun- 
dity and to the migrations resulting from the influences of the period 

Let those, Sedgw’iek w'arned, who would dissolve away the 
beneficent bonds which give meaning to the universe take 
heed: 

There is a moral grandeur in this sentence, and it comes to us 
with the power of demonstration. . . Truth is always delightful to 
an uncorrupted mind; and it is most delightful when it reaches us 
in the form of some great abstraction, which links together the 
material and moral parts of nature — w’hich does not annul the 
difference between material and moral — but proves that moral 
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truth is the intellectual and ennobled form of material truth, first 
apprehended by sense.®* 

This seems a very odd judgment coming from a man whose 
basic objection to the Vestiges purported to be the author’s 
“rank materialism,” but odd or not, it represents the preva- 
lent attitude of leading naturalists whose self-imposed duty it 
was to enlighten the reading public about the meaning of natu- 
ral history. There was no <iuestion but that natural history did 
have a moaning. For Sedgwick and his school — the prevailing 
school just then — truth had first to bo found in materials ap- 
prehended by sense, and then it had to be “ennobled” into 
morality. One might think that this “annulled the Jlstmetion 
between material and moral” as effectually as Chambers had, 
but not so. 

Does the conclusion at which we have arri\o(i «I(‘gradc our 
notion of the Godhead and of Iiis creative powei We think far 
otherwise. The law of creation is the law of the Divine will, and 
nothing else besides; and. as the children of nature, how are we 
to know that will, except by honestly reading the book of nature^ 

. . . Tn this w'ay we rise to a conception of material inorganic laws, 
in beautiful harmony and adjustment, and they suggest to ns the 
conception of infinite power and wisdom In like manner, we lise 
to a conception of organic law.s — of means (often almost purely 
mechanical, as they seem to us, and their organic functions well 
comprehended) adapted to an end,— and that end only the well- 
being of a creature endowed with sense and volition. Thus we rise 
to a conception both of Divine power and Divine goodness; and 
we are constrained to believe, not merely that all material law is 
subordinate to His will, but that He ha.s also (in the way He 
allows us to see His works) so exhibited the attributes of His will 
as to show himself to the mind of man as a personal and superin- 
tending God, concentrating his wall on every atom of the universe.®® 

In order to invest their materialism with moral ciuality, the 
scientist-theologians for whom Sedgwick spoke called in what 
was essentially a series of miraculous dispensations to account 
for the ultimate dispositions of the materials which were their 
most certain reality. Biblical fundamentalism was not the 
issue, and to regard it as such is to misread whatevei light the 
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discussion casts upon the Victorian mind — that unsatisfac- 
tory and indispensable abstraction. The trouble really lay in 
the difficulty of relying primarily on the material evidence for 
the existence and continuing activity of the Deity without ac- 
cepting materialism — a dilemma which pious and good- 
hearted men of limited imagination could dodge only by deny- 
ing self-sufficiency to the cosmic order. They sought to show 
the necessitarian character of physical phenomena while at the 
same time the inadequacy of spontaneous natural causation 
was the proof that the development of the universe took place 
under divine direction. “Spiritual” was a word very ieldom 
used by this school; and since the demonstration of moral 
purpose was made to depend chiefly on exhibiting the providen- 
tial adaptation of structure and behavior to physical circunv- 
stances (and the morally good was even implicitly defined as 
the willing acceptance of the materially necessary), the dis- 
tinction between material and moral was not a very clear-cut 
one. SedgAvick and those who thought like him were .seeking, in 
fact, to demonstrate the exi^tence of moral sanctions by tech- 
niques which disclose only mechanistic relationships. Ihihappy 
with their unsuitable tools — though it would have distressed 
them to think this was .so - - and knowing no others, they 
turned to miracles and called them supervi.sory laws. 

In any ca.se, development seemed a dangerous idea, and in 
its place Sedgwick offered Hugh Miller's doctrine of degrada- 
tion. Within each epoch some forms of life were represented as 
declining from higher to lower.'’*'' This was never a very suc- 
cessful answer, since man presented a .serious difficulty, and its 
proponents had to confuse order of si/e with order of complica- 
tion. Nevertheless, Sedgwick made much of it in his 442 -page 
preface to the fifth edition of his 94-page Discourse on the 
Studies oj the University of Cambridge:'’’ 

This remarkably arranged dissertation, published expressly 
for undergraduates, who.se moral welfare was always a subject 
of intense concern to Professor Sedgwick, was designed to lay 
the development heresy straightway by the heels. The circum- 
stances of publication illustrate the nihilistic implications 
which development carried in the eyes of “collegiate ortho- 
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doxy.” The original body of Sedgwick’s Discourse, a lecture 
published by academic demand in 1833, had confidently set 
forth the intellectual, social, and religious benefits which had 
long been derived from natural philosophy in Cambridge. 
There was also given a summary of the purpose of the other 
chief divisions of the curriculum. All this, though unaltered and 
.still ostensibly the subject of the book, was reduced to the 
character of an appendix by the immense, almost dropsically 
swollen preface to the fifth edition, an outpouring called forth 
expressly by the popularity which the Vestiges continued to 
enjoy in 1850.®* 

In order to undo the mischief it had done, Sedgwick set 
out to justify all the values which, to him, gave meaning to 
his life as a scientist and a teacher. The central thread lay 
through an analogical argument in supjDort of Christianity,®® a 
faith which he sometimes appears to have derived from the 
evidence of final cause in nature. While emphasizing the moral 
insufficiency of unsupported deism, he again urged the view 
that revealed truth, though indispensable to belief, could be 
apprehended inductively, by inferring a moral order parallel 
to natural order. Sedgwick’s metaphysical treatment of ration- 
alism and materialism is not very illuminating, and it would 
scarcely be worth mentioning except for the evidence that he 
did not feel able to refute the idea of development without 
bringing in the British constitution, the rise of Christianity and 
of Anglican doctrine, the consequent amelioration of human 
relations, the existent social order, the university establish- 
ment, the progress of science since Bacon, and the improve- 
ment in manufactures, morals, and manners since the Regency. 
All these good things, he seemed to think, would crumble away 
at a touch if they could not be referred to the ordinances of a 
supervisory providence, whose continuous concern was inces- 
santly being demonstrated through the one source of indubi- 
table conviction, the laboratory of nature. Once let the philos- 
ophy of the Vestiges be 

accepted by the multitude as true. What then will follow? The 
reader can judge for himself: I can see nothing but ruin and confu- 
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sion in such a creed. . . If current in society it will undermine the 
whole moral and social fabric, and inevitably will bring discord and 
deadly mischief in its train; and on this account also (having a 
belief in Ihe harmony of nature and in an overruling Providence) I 
believe it utterly untrue.*’" 


4 

Professor Sedgwick’s rather inchoate opposition to the idea 
of development probably came closest to epitomizing the in- 
stinctive revulsion of contemporary leaders of opinion. Hugh 
Miller, on Ihe other hand, a more damaging critic even than 
Sedgwick, knew exactly why he stood where he did.®' He cast 
prevailing thought patterns into neat relief, but derived his 
opposition to development from values oldei and sounder than 
any Sedgwick felt, expressed, or understood Miller was a 
remarkably interesting person, one of the products of that 
peculiarly Scottush intellectual tlemocraty which turned up a 
('arlyle or a Burns from social levels that would have extin- 
guished them in England. It is unlortunate that he is .so for- 
gotten, for lyrical geologists are not common phenomena. 
Miller was entirely self taught. He had been a stonemason in 
his youth and spent a {Ktver.y-stricken boyhood in (Vomarty 
with a widowed mother who indulged a (iaelie gilt of second 
sight while getting a skimpy li\ing with her needle. This was 
an improbable background for an accomplished essayist and 
scientist who was also a crusading editor, political commenta- 
tor, and religious reformer, influential in all these fields and, 
in the eyes of many of his countrymen, very nearly an oracle 
upon whatever issue ho saw fit to pronounce 

Miller w’as jirobably the last and cme of the ablest scientists 
to develop his professional capacities under the stimulus of 
an old-fashioned, romantic love of nature. He belongs with 
Erasmus Darwin and Priestley and the Lunar Society rather 
than in his own less imaginative generation. Sir Archibald 
Geikie describes him as a geological poet, and another admirer 
ecstatically declares that learning geology from the standard 
texts when Miller’s books and public lectures were available 
would be like thrusting Shakespeare aside to study English 
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literature in the dictionary.*’ And, indeed, many of the pa.s- 
sages in his books are very fine. He had a grand, vigorous style, 
an extraordinary power of evocative description, and an 
equally impressive manner of delivering political, social, and 
religious judgments. His original contributions to natural his- 
tory were sound and important, though not of the first rank. 
It was as an interpreter and popularizer that his influence was 
most widely felt. 

Miller’s American publisher — his books went through a 
large number of American editions — thought it a particular 
traged} that he died in 18^6 Had he lived to refute On the 
Oritiin of Species, that disastrous book would have joined the 
V( <!tis;e^ in the limbo of forgotten heresie':.*’’ During his life- 
time it was said, Millet had demonstrated a unique ability 
for persuading the working classes to take a right view of their 
I ircumstan( es, a view with which their understanding of evo- 
lutiitn would clearly become incompatible because Darwinism 
denied providential order and religion Hugh Miller had taken 
his ‘•ocial responsibilities very seriously. His first scientific 
tieatise, The Old Red '^andstont , with which he made his repu- 
tation. was presented a*? an object le'^son in how to be u.'jpfully 
happy though poor, the maximum of enjoyment consisting, as 
it does, only in a proper exercise of the intellectual and moial 
facultie'^ ** 

Although an edifying homily of this sort was implicit or 
explicit in nearly everything he wrote, his popularity is not 
astonishing because .somehow as Robeit Chambers remarked, 
all his work was stamped with interest Hugh Miller himself 
had followed exactly the precepts he set the class from which 
he rose. Though proud of his skill, he had never enjoyed the 
life of a stonemason. When he lived at home in Cromarty, it 
had not been too bad because he had bee.n able to write 
poetry. His xerscs®*' won him the esteem of his future wife 
upon whose family estate he was employed for a time, and with 
■whom he conducted an extraordinarily metaphysical and very 
Scottish courtship But when jobs gave out in Cromarty and he 
took work with a gang of laboring masons in Edinburgh, he 
found the degradation of barrack life more than he could 
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stomach. His fellow masons seemed bestial to him, and their 
entertainments and improvidence of a Saturday night disgust- 
ing.*® After he had succeeded in writing his way into the 
intelligentsia, he affected to feel a sympathy for the circum- 
stances of the working classes, and he may have convinced him- 
self that this actually was his attitude. In fact, however, his 
real feeling for laborers was simple dislike, and like many self- 
made men, his message to the working class was how to get out 
of it — not how to live in it. Hugh Miller’s scientific essays 
were a naturalist's chapter in the voluminous self-help litera- 
ture of the period and, like the other chapters, were particu- 
larly appreciated by those who had already helped themselves 
sufficiently to want to buy books and read them. 

Whoever bought and profited from them, his books sold 
better than any other works which have been mentioned in 
this study. The first ten editions of the Vrstigrs disposed of 
about twenty-five thousand copies. Each of Lyell's editions ran 
to about two thousand. By the end of the century, however, 
Miller’s Testimony of the Rocks had sold forty-two thousand 
copies, his Footprints of the Creator had been through seven- 
teen editions, and his Old Red Sandstone twenty.^® Miller’s 
youthful interests and ambitions had been literary before they 
became scientific. He used occasionally to publish poetry and 
pieces on Highland antiquities and folklore in Chambers's 
Journal. It was, however, on a religious and nationalist issue 
that he made his name. In May 1839, the House of Ixirds sus- 
tained the presentment of the minister of .\uchterarder whose 
patron, the Earl of Kinnoul, had refused to accept a pari.«;h 
veto and had carried his refusal to the courts. The case cli- 
maxed a growing discontent with what evangelicals felt to be 
an aristocratic perversion of the revolution settlement, and 
Miller reports himself as having felt so strongly about it that 
he could not sleep until he had composed a pamphlet in answer 
to Lord Brougham's speech which denied Scottish congrega- 
tions the right to choose their pastors. This Letter from One 
of the Scottish People to Lord Brougham and Vaux"^^ had 
such huge success that the unknown author was offered the 
editorial chair of The Witness, a journal just then being estab- 
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lished to express evangelical sentiment upon affairs of the 
day. Miller accepted the post and held it from 1840 until his 
death; from it he is commonly reported to have exercised an 
influence on Scottish opinion second only to that of the Rev- 
erend Thomas Chalmers — himself something of a naturalist — 
with whom he led the Free Church movement which split the 
Church of Scotland in 1843. 

From the impeccable pulpit which his professional situa- 
tion afforded him, Miller turned his imaginative literary talents 
to preaching the lessons of natural history. When he had been 
a stonemason, and later on a bank clerk, he had improved his 
leisure hours first by teaching himself geology and then by 
original research in the strata of the old red sandstone. Ht 
continued this practice as an editor, and his exhaustive descrip- 
tion of that formation was the first to fix its occurrence in 
Scotland in the general geological succession. The volume was 
published in 1841, and it immediately won him the attention 
and acclaim of the English geologists. Both in substance and in 
its felkitous style, they found it as informative as it was 
devout.^^ The Old Red Sandstone was based in p^rt on infor- 
mation supplied to INIiller by another Scottish geologist of 
equally humble origins, Robert Dick, a baker of Thurso, 
whose career curiously resembled Miller’s except (hat he com- 
municated his findings in correspondence and never published 
anything. Samuel Smiles considered Dick’s life so edifying that 
he used it for the final biography in the .series exemplifying 
the virtues of self-help.'^’* 

Next to his paper, natural history had become Miller’s 
favorite concern, but he did not limit his interests to it. He 
published political pamphlets, antiquities, travelogues, educa- 
tional homilies, and theological tracts.^'* He alwaya liked to 
adorn his literary productions with scientific allusions as well 
as to enliven his scientific descriptions with literary flavor. 
The popularization of science seemed to him a religious duty.''* 
He prided himself on never using language incomprehensible 
to the layman, and he devoted a great deal of energy to the 
lectures he regularly gave before the Edinburgh Philosophical 
Institute.''® Perhaps his most successful general book was his 
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in the form of a story of bis education; 
in a more famous education, however, 
ivww ptetended not to have found one. There were, he 
knew, millions like himself who needed to learn but had no one 
to teach them. 


**ifa^iograjAy, cast 
the student 


They will find that by far the best schools I ever attended are 
schools open to them all, — that the best teachers I ever had are 
(though severe in theii discipline) always easy of access, — and that 
the special form at which I was, if I ma> say .so, most successful 
as a pupil, was a form to which 1 was drawn by a strong inclination, 
but at which I had less assistance from my brother men, or even 
from books, than at any of the others. There are few of the natural 
sciences which do not lie quite as open to the working men of 
Britain and America as geology did to me.'^'^ 

He admitted himself, however, to have been peculiarly fortu- 
nate in having chosen this particular science as a stepping- 
stone to higher things. 

There is no .science whrrse value can be adtquaiely estrmated b> 
economists and utilitarians oi the lower order. Its true quantities 
cannot be represented by arithmetiral figures or monetary tables; for 
its effects on mind must Ire as surely taken rnlo account as its opera- 
tions on matlei , and what it has accomplished for the human intellect, 
as certainly as what ii has done for the comforts of society or the 
interests of commerce. . . Arid Geology, in a peculiar manner, sup- 
plies to the intellect an exercise of this ennobling character. But it 
has al.so its tash value 

Hugh Miller, then, raised an authoritative voice when he 
spoke out against development. The Vestiges did not catch him 
unaware.s. He had already devoted an entire chapter of The 
Old Red Sandstone to refuting Lamarck, whose “strange 
theories” he thought well described by Lyell in the Principles 
of Geology,’’^ where they had made their first appearance be- 
fore the British public. Miller here anticipated his own chief 
empirical contention against Chambers by arguing that within 
each of the three great geological epochs the higher forms 
preceded the lower. And, unlike Sedgwick later, he made no 
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tee vestiges of creation 

bones about admitting a scientist’s necessity for the super- 
natural. 

There is no progression. If fish rose into reptiles, it must have been 
by sudden transformation. . . There is no getting rid of mirdcJe in 
the case, — there is no alternative between creation and metamor- 
phosis. The infidel substitutes progression for Deity; Geology robs 
him of his god.®** 

Whether perpetrated by misguided peers or misguided 
naturalists, erroneous interpretations awakened a gho.^t of John 
Knox ir. Hugh Miller. He set about immediately the Vesti^rs 
ai)peared to compo.se his answer, in which he performed the 
unique feat of blending science and religion together instead 
of bending them together. His book, entitled Footprints of the 
Creator, appeared in 1847 and deservedly enjoyed a huge suc- 
cess. Agassiz arranged for an American edition, for wlhch he 
j)rovided an appreciative introduction, and which created a 
-teady American market for the rest of Miller’s works."* Th( 
argument, so far as it was geological, rested on a demonstration 
that within the period with which the author was most familiar, 
the era of the old red sandstone, fossil forms do not advance 
in structure according to their chronological position. The 
method was a case study of the asterohpis, the oldest, largest, 
and — Miller held - — mo.st advanced of the ganoid fish. There 
is no point in following the technical detail or the exposition 
of corroboratory illustration in other epochs; Agassiz givc^ a 
neat summary in his preface. It cannot be said that Miller 
argued beyond his evidence in rejecting the development hy- 
pothesis as inadequate to the facts of the case, or that he sup- 
pressed material unfavorable to his own view. The weakest 
part of the book is the chapter in which he presents evidence 
of decline of species as an alternative to Chambers’ hypothesis, 
but this is left merely as an intriguing suggestion with the 
remark that an ingenious theorist might “get up quite as un- 
exceptionable a theory of degradation as of development.” ®‘'* 

The trouble with development was not, as most of its op- 
ponents held, that it vitiated the argument from design, or 
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that it dispensed with a first cause. The purely Christian ob- 
jection to the hypothesis seemed to Miller much more serious. 

There are . . . beliefs, in no degree less important to the moral- 
ist or the Christian than even that in the l)eing of a God, which 
seem wholly incompatible with the development hypothesis. If. dur- 
ing a period so vast as to be scarce expressible by figures, the creatures 
now human have been rising, by almost infinitesimals, from com- 
pound microscopic cells . . . until they have a length become the 
men and women whom we see around us, we must hold either the 
monstrous belief, that all the vitalities, whether those of monads or 
of mites, of fishes or of reptiles, of birds or of beasts, are individ- 
ually and inherently immortal and undying, or that human souls are 
not so. The difference between the fl3dng and the undying, — between 
the spirit of the brute that goeth downward and the spirit of the 
man that goeth upward, — is not a difference infinitesimally, or even 
atomically small. It possesses .all the breadth of etern'ty to come, and 
is an infinitely ^reat distance. . . Nor will it do to attempt to escape 
from the difficulty by alleging th.at God at some certain link in the 
chain might have converted a mortal cieature into an immort.al exi'-t- 
ence, by breathing into it a “living soul"; seeing that a renunciation 
of any .such direct interference on the part of the Deity in the woik 
of { reation foims the prominent .ind ihar.i< tci.stic part of the scheme, 
-- nay, that it con.stitutes the vor> nnclt'us around which the siheme 
has originated , If man be a dying creature, restricted in hi^ exist- 
ence to the present scene of things, what does it really matter to 
him. for any one moral purf»o.se, whether there be a God or no'' 

In all the storm of contentious discussion which followed 
the Vestiges, Hugh Miller’s reaction was the only one which 
impatiently put a.side the conventional and arid argument from 
design as irrelevant. He had nothing to say about Omnipotent 
Architects. The Issue, to him, was not the dispositions of the 
material universe, but “a belief in tlie immortality and respon- 
sibility of man, and in the scheme of salvation by a Mediator 
and Redeemer. Dissociated from these beliefs, a belief in the 

existence of the great sea-serpent/' 

ChristjanJty, if the development theory be true, is exactly whai 
some of the more extreme Moderate divines of the last age used to 
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make it — an idle and unsightly excrescence on a code of morals 
that would be perfect were it away 

Hugh Miller’s social opinions are not particularly refreshing, 
but it is refreshing to come upon a religious thinker who 
required a divinity rather than a landscape gardener for his 
God, and whose Christianity centered around the redemption, 
salvation, and immortality of the individual soul. 

li was the partially educated classes who were, in Miller’s 
opinion, the most liable to corruption 

Ther- is a species ol superstition which inclines men to lake on 
ti'i^t w’hatever assumes the name of science. .And, owing mainly 
TO the wide diffusion of this credulous spiiit of the modern type, as 
little (hsposed to examine wh tt it receives as its ancient unreasoning 
prertcccbsor, the development doctrines arc doing much harm on 
lioth sides of the Atlantic especially among intelligent mechanic"*, 
and .1 (lass of joung men engaged in the 'ubordinate departments 
ot trade and the law And the harm, thua considerable in amount, 
mu't be necessarily moie than merely consideiable in degree. For it 
ntanalilv hajipen'', that when persons in these walks heioiije ma- 
t*^riaH".t"*. they become also turbulent subjei ts and bad men That 
belief in the cxisteme after death, whkh fotnis the di "tiiumisbing 
ui\tni(f of humanity, is too essential a part of man’s moral (onstitu- 
lum not to be missed when away 

The guise of pseudo science was what made the idea of 
development particularly sinister in Miller’s eyes, because he 
(Jioughf. the arguments vrhich alone carried conviction in his 
day were those of ‘‘practical philosophy ” Speculative theology 
had been the logical counterpart of metaphysics in a meta- 
physical age, and natural theology had borne a similar relation- 
ship to the mathematical philosophy of Newtonian .science. 
An acquaintance with the great minds of these departments 
of learning was required of students, both lay and clerical, in 
the university curriculum of the 1840% but this was not 
enough. The cVetgy, he ieW., 

do not now seem sufficiently aware — though the low thunder of 
every railway, and the snort of every steam engioe and the whistle 
of the wind amici the wires of every electric telegraph, serve to pub- 
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Usli the fact — that it is in the departments of physics, not of meta- 
physics, that the greater minds of the age are engaged. , . Let them 
not shut their eyes to the danger which is obviously coming. The 
battle of the Evidences will have to be fought on the field of physical 
science, as it was contested in the last age on that of the meta- 
physics.**^ 

Hugh Miller could not, like Sedgwick, satisfy himself by 
inferring the e.xistence of a moral order fiom an analogy to 
natural order. He had to try to construct an empirical theology 
as an integral part of. instead of as a parallel to, his favorite 
geological science.®** He was in no sense, however, a literal 
bibliolater. Why, he asks, should the Bible have been expected 
to declare the truths of geology when those of astronomj' were 
withheld? The Bible had been intended to tell men what (xod 
is and what He expects of them, and upon this it is an infallible 
and inspired revelation. But except for the one cardinal fact 
of the divine authorship of the universe, man will look in vain 
for divine revelations of scientific truth, for it i-. in accordance 
with the economy of Providence that everything relating to 
the actual working of the physical system of things is discov- 
ered by the unaided intelletlual faculties after the manner of 
Sir Isaac Newton or James Wait.*® 

One is to read the hlosaic account of the six creative days — 
which hliller took to mean periods — not as if it were going 
to describe the significance of fos.sil fish or where to dig for 
coal or how to build a steam engine, but as the vi.sion vouch- 
safed a seer, (leology. dealing with the manifestations of 
things and not with their nature, was concerned only with the 
last three of the six exertions of creative power. These Miller 
identified with the chief epochs to be di.scerned in the rocks, 
the Paleozoic, the Secondary, and the Tertiary, separated from 
each other by intervals of subsidence in the C reator’s activity. 
This, though not original with Hugh Miller, was presented in 
a spirit of imaginative devotion which gave it a force entirely 
lacking in the pedestrian reconciliations with which this litera- 
ture abounds. The conception was sufficiently allegorical to do 
justice to contemporary comprehension of the evidence without 
doing violence to it.*® 
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Miller’s originality lay chiefly in his interpretation of final 
cause. At the last 

thcto came a period that differed even more, in the character of its 
nui St Cl -existence, from any of these creations, than they, with their 
nviny vitalities, had differed from the previous period in which life 
Irid no existence. The human period began, — the period of a fellow- 
worker with God, created in God’s own image.'" 

Here was the inadmissibility of development. For after this 
final, and unprecedented, act of creation, the seventh day be- 
gan, the day which may still be in existence. The geologist finds 
no trace ol post-Adamic creation. Not even the theologians 
ha\<‘ sufficiently understood the meaning of the text* ‘'The 
liHttk oj Redemption may be the work of Hh Sabbath day. . . 
During the present dynasty of probation and trial, that special 
work of both God and man on which the character of .the 
future dynasty dejiends, is the Sabbath-day work of saving 
and being saved.’’ 

The theory of spontaneous material development had 
grossly perverted a great scientific and spiiitual truth, by mis- 
representing the real meaning of progressive evidences: 

The existing scene of things is not de.slined to bo the last. High 
1- it i' , it is too low and too imperfect to be toganled as (iod's finished 
work' it is merely one of the prof^restm dynasties; and Revelation 
and the implanted instincts of our naiuie alike teach us to anticipate 
j gloiious terminal dynastc. . . Is thcie to he merely a repetition of 
the past. - - an introduction a st*cond time of “m in made in the image 
of God”’ No! the geologist, in the tables of '■tone which lorm his 
records, finds no examples of dynasties once passed away again re- 
turning. There has been no repetition of the dynasty of the fish, - of 
the reptile. — of the mammal. The dynasty of the futuie is to have 
glorified man for its inhabitant; but it is to he the dynasty, — the 
"kingdom," — not of glorified man made in the image of God, but of 
God Himself in the form of man. In the doctrine of the tw'o natures, 
and in the further doctrine that the terminal dynasty is to be pecul- 
iarly the dynasty of Him, in whom the natures are united, we find 
that required progression beyond which progress cannot go. Creation 
and the Creator meet at one point, and in one person. The long ascend- 
ing line from dead matter to man has been a progress Godwards, — 
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not an asymptotical progress, but destined from the beginning to 
furnish a point of union; and occupying that point as true God and 
true man, as Creator and created, we recognize the adorable Monarch 
of all the Future. It is, as urged by the Apostle, the especial glory 
of our lace, that it should have furnished that point of contact at 
which Godhead has united Himself, not to man only, but also 
through man. to His own Universe, — to the Universe of Matter 
and of Mind.** ' 

All this may be strange, but to one reader, at least, it is 
rather impres.sive. One may or may not be religious, but in 
either case one may iea.sonably expect a religious writer to 
be so, and of all these naturalists who set out to justify God’s 
ways to man, Hugh Miller was the only one whose conception 
of divinity contained many elements of spirituality In some 
ways he is very ea^y to criticize. I’erha[)^ he never met Cham- 
bers’ central contention that a unitary plan of creation, set 
in motion once for all at (he beginning, was more befittinc 
divine omnipotence and omniscience than a serie.-, of separate 
creative exertions. As a pundit.**^ too, Hugh Miller is as vul- 
nerable as Samuel Sniile>, and in this he differs from his fellow 
theo-naturali.st*- only in being clearer than they about his alarm 
le.st the workingman be seduced from a slate ol social grace 
into a state of social inridelity 

These things being said, however, Hugh Miller’s opposi- 
tion to the idea of development arose from a belief which one 
can respect' the immortality of the individual human soul. 
And the imprecision left by his work is that hi-s philosojrhy of 
natural history exjrressed a spiritual concern which did not 
require him to shut his eyes to the meaning of his own value.s 
as did the materialistic faith of the Sedgwicks, Rucklands, 
Whewclls, and Conybearcs. His theory of creation was not 
in the position of a pot calling the development kettle black. 
He pictured the creative process as a succession of divine 
fiats, elevating the level of life through the chief orders of 
the animal kingdom, until a final decree, differing in kind from 
its predecessors, introduced the era of God’s moral govern- 
ment with man its subject and agent. Hereupon creation was 
no longer a suitable expression of the divine will, the Lord’s 
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work having become the work of redemption preparatory to 
the terminal dynasty of “everlasting life.” ®‘‘ 

This may not be science, strictly speaking — or even loosely 
speaking — but it is Christianity. Hugh Miller envisioned a 
challenge too great for his own understanding- '‘the battle of 
the Evidences . on the held of physical science ” But who 
IS to say he was wrong in seeing “that belief in the existence 
after death, which forms the distinguishing of human- 

ity, is too essential a part of man’s moral constitution not to 
he missed when away”? 


5 

For all that Hugh Miller was a sympathetic figure, he w.as 
also one of the last to w-rite in the tradition he represents 
and from the point of view of science it is impossible no^ to 
accept the judgment which the Reverend Baden Powell, Sa- 
\ilian professor of geometry at Oxford, put on his books 
With these works, thought Powell after ^liller’s death, 

the v(r\ last possible resources of Biblical interpretation must be 
ucaickd as thoroughly exhausted They arc the very ghost of defunct 
Bilihcal geoloey and even those who cannot ueueive tne essential 
md inhnent irrationality of all ldea^ of mixing up the deductions of 
sdence with the language of Scripture, must now admit that all such 
ittempts have practically failed, and 'hey must henceforth he con- 
tent to allow geology uninterruptedly to extend the domain of natural 
Older, through the infinity of past time, while they may learn that 
the cosmogony of the Mosaic law, with that di -pensation of which it 
IS a part has passed away and been superseded" the one by an 
indurtive philosophy, the other, by a spiritual religion'*'’ 

It is significant that this is the evaluation, not of a geologist, 
but of a mathematician and theologian, who later was one of 
the contributors to the celebrated Essays ntid Reviews , the 
earliest important British venture into the field of higher crit- 
icism. Baden Powell’s essay in this volume w-as not the first 
of his writings to seem alarming in orthodox circles. Ever since 
the 1830’s he had been insisting in a seiies of forceful, if 
somewhat discursive, books that there was simply no relation 
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at all between the words of Scripture and the results of scien- 
tific research.®® A number of geologists also paid lip service 
to this principle, of course, but, with the possible exception 
of Lyell, Powell went further than any of them and applied 
the principle of separation with greater rigor. Geology, he 
held, and to a less degree the other sciences, directly contra- 
dicted many passages in the Old Testament, no matter how 
tortured an interpretation be put on the t'^xts, and it was no 
use blinking the fact. But this discredited only those who had 
misconceived the nature of scientific and scriptural informa- 
tion ; it did not impair the validity of either. On the contrary, 
both would benefit by being freed from a mutually debilitatii g 
tradition. Science would be relieved of a host of ridiculous 
and embarrassing difficulties, while reverence for the real value 
of the Bible would increase when it was generally recognized 
that the Lord had manifested Ilim.self to us in the New Tes- 
tament and that He had imjiarted His truth to the ancient 
Jews of the Old Testament through poetic imagery and dra- 
matic allegory, these being the modes of expression best suited 
to a rude, nomadic .society.®® 

Advanced as it was, this position was still a long distance 
.short of Huxley’s agnosticism. For in Powell’s opinion, the 
innumerable and futile efforts to square the results of physical 
research with the Biblical narrative had obscured the real and 
commanding support which natural philosophy could bring to 
religious belief. Before Scripture could be accepted as binding 
in its own sphere, it w’as first necessary to prove the existence 
of the sort of deity who could give a revelation. This was pre- 
eminently the function of natural theology, which in turn 
rested wholly on the findings of science. “The investigation of 
God’s works is an essential introduction to the right reception 
of his word,’’ and Powell went even further and quoted with 
approval a writer who held that “the study of natural philoso- 
phy and natural theology, if rightly pursued, are one; and 
true science but a perpetual worship of God in the firmament 
of His power.” Powell’s discussion of the method by which 
natural philosophy demonstrated the existence of God was as 
liberal as his attitude towards Scripture. The very possibility 
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of inductive philosophy (and all real science was inductive) 
depended on recognition of the uniformity, immutability, and 
sufficiency of natural laws, and this characteristic of nature 
was also the best assurance that behind it there was an an- 
terior moral purpose. 

Throughout the utmost extent of our investigation of physical 
causes, we trace the proofs of that moral volition which is prior and 
superior to them all; proofs exhibited alike throughout all the vast- 
ness and all the minuteness of the universe: increasing and augment- 
ing in overwhelming multiplicity, with no other limit than that im- 
posed on the extent of our observations and inductions.'**’ 

Design, not interference, argues God. Powell was very scorn- 
ful of the prevailing tendency to illustrate the divine govern- 
ment of the course of nature by a number of exceptional 
instances in which God was su[>posed to have stepped in and 
controlled events directly. This interpretation began by ad- 
mitting the very thing which it was the great function of 
science to prove — the existence of God. There was, more- 
over, no convincing evidence of occasional interventions, and 
if there were, it would indicate only that nature was an un- 
piedictable chaos in.'^tead of the product of divine omnipotence. 
Pow'ell, needless to say, supported Lyeli against the catastro- 
jihists, and he was also one of the few scientists who was sym- 
}>athetic to the Vestiges of Creation}'^' 

In his interpretation of the ultimate meaning of science, 
Powell, though considerably more radical t.ian most scientists 
in the generation before Darwin’s, was far from rejecting the 
possibility of a natural theology'. Quite the contrary, by sep- 
arating science from Scripture, he hoped to strengthen the 
connection between science and religion. He had very few 
supporters, and he did not succeed. Neither, however, did 
those whose interpretations he opposed. 
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The man who has been aLcuslomed to study natural obiects philosophically, 
to be perpetually guarding against the delusions of the fancy, will not readily 
be induced to iiiu!tipl> woids so as to forget things From observing in the 
relations of inanimate objects fitness and uiiluy, he will reason with deeper 
reverence concerning lieings possessing hie. and perceiving in all the phenom 
cna of the univeisc the designs of a perfect intelligence, he will be a'erse to 
the turbulfnce and passion of hasty inn nations, and will uniformly appear 
as the hiend ot tianquillity and order 

— Sir Humphry Davy {1802) ^ 

We must, iheieforc, impregnate the poj>uIir mind with the truths of natural 
science, teaching them in every school, and rtcommending, if not iHustrating 
them, from every pulpit 

— Sn Dwid - 


1 

In fARiY iNm’STRiAL Briiain evpry important department 
of thought and activity was in some way touched or shaped by 
the effects of utilitarian social philosophy and evangelical re- 
ligious belief The majority of scientists were as practical and 
as devout as most Englishmen, and in science the influence of 
the two dominant currents of contemporary opinion is apparent 
in the importance which scientists attached to speaking and 
writing for the general public and in the fact that the tone of 
popular science was both utilitarian and theological. Nor were 
these characteristics of the literature unrelated. It has often 
been observed that however different the intellectual background 
and religious tenets of utilitarianism and evangelicalism, the 
practical effects of the two movements were frequently parallel 
if not identical. Both philosophic radicals and evangelicals, for 
example, enjoined similar types of social behavior. Benthamites 
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urged the individual to take advantage of the dispensations of 
nature and to appreciate the necessitarian quality of the sanc- 
tions which dictated this line of action, while at the same time 
e\’angelicals urged the individual to take advantage of the dis- 
pensations of Providence and to appreciate the divine quality 
of the sanctions. The conclusions were already tlie same, but 
by means of science even the two arguments could be amal- 
gamated. Since the opening of the century, natural theology, 
which in Paley’s hands had given off an atmosphere ol rather 
arid common sense, had become suffused with the evangelical 
.'pirit, and it was the function of natural theology to assimilate 
nature to Providence and necessity to the divine will. 

Geology, then, although it was the most popular science 
with the British public, was not the only one to be fiopular- 
ized. And although no other science produced disagreement, of 
the sort which afflicted the growth of geology, neither was it 
the only one to be invested with theological significance An 
explanation of the appeal of geology should, therefore, be 
attempted, after which a consideration of the tlieology of 
science and of some of the movements and motives for popu- 
larization may cast some light both on the difficulties which 
cropped up in geological interpretation and on their signifi- 
cance as products of early nineteenth-century opinion in 
Britain. 


2 

Throughout England there were, probably, no communities 
in which physical science was held in such low esteem as it was 
111 Oxford and Cambridge.' Even there, however, geology was 
the most prominent branch of a generally neglected field of 
study, and in the first half of the century it was the only science 
to the advancement of which either universitj made any signif- 
icant contribution. 

At Oxford during the 1820’s — and Oxford was always less 
interested in science than Cambridge — Buckland attracted 
an average of more than fifty undergraduates annually to his 
course of lectures on geology and thirty to the series he gave on 
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mineralogy, so many that his lecture room, one of the famous 
sights of the university, had to be enlarged. Over the same 
period. Professor Rigaud’s course on natural philosophy aver- 
aged forty-two students a year. Dr. Kidd’s anatomy course 
twenty-nine, and Professor Daubeny’s chemistry lectures 
twenty-eight. Attendance on science lectures fell off radically 
after 1830, although the decline did not hH Buckland as badl> 
as it did hLs colleagues — in 1835 and again in 1838 Profes.sor 
Rigaud would have had no listeners if it had not been for two 
or three who turned up from Christ Church in compliance with 
that college’s requirement that its members attend one course 
of .science lectures.^ 

The tractarian movement undoubtedly helped to bring about 
this discouraging .state of scientific affairs in the 1830’s, because 
even if the antagonism of its leaders to science had had little 
effect, the religious iv'-ue they raised tended to absorb the atten- 
tion of the more intellectual mcmibers of the unhersity. But 
apart from this factor, the declining attendance at jiublic lec- 
tures did not necessarily reflect any weakening in the intrinsic 
appeal of .scitmce It sc-ems, in'>lead. to ha\e been the effect of 
the increasing rigor of the c ompetition for formal honors follow- 
ing upon the intiodmtion in 18^0 of separate honors examina- 
tioiis. All candidates for a degree, whether pass or honors, had 
to take examinations, not on any of the material presented b> 
the professors, howe\er. but onl> on the .subjects defined as 
mathematics or lUtrnu humanhnc'i, for which they were pre- 
fwirecl both by the collegiate tutoiial body, who also conducted 
the examinations, and — increasingly — by private tutors or 
crammers There wa-*, therefore, no curricular incentive for at- 
tending lecture.s - - quite the reverse, in fact. In commenting on 
the diminishing number of students in his courses and in those 
of his colleagues, Buckland thought that it must be attributed 
to a basic flaw in the system of education, which discouraged 
undergraduates from devoting their time to physical science, 
since it had occurred while the study of geology was making 
rapid progress elsewhere in England.® Buckland’s explanation 
was confirmed independently by Lyell, who remarked, 
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It is truly fortunate that, in proportion as Oxford and Cambridge 
have withdrawn their countenance moie and more from studies con- 
nected with physical science and natural history, the wants of a high 
state of civilization, and the spirit of the age, have afforded to them in 
England an annually increasing patronage.'* 

Contemporary enthusiasm for geology and natural historj' 
is reflected in the early Victorian novel in the frequency with 
which worthy characters are represented as occup\dng their 
leisure hours in the accumulation and contemplation of a rab- 
inoi of fo'sils. One of the reasons for the popularity of geology 
was that the material was easily compiehensible \chile its inter- 
pretation was highly controversial, and one need not be an e.\- 
pert in order to stand a reasonable chance of making inqiorlant 
'iistovenes In addition, the romantic revival probably attracted 
numbers of intelligent ob«ervers to a sliuly foi which the soinees 
lav among sounding cataracts and tempestuous gorges In books 
like Mantells IVondirs nj Geoloiiy, the illustrations — not to 
mention the title -- eniphasize the weird and the awe-inspiring 
quality of the ancient countryside.'' “Geology," thought the as- 
tronomer, Sir John Herschel, "in the magnitude and sublimity 
of the objects of which it treats, undoubtedly rank-, in the scale 
ol science'-, nest to astronomy.”” Vei> likely, Uki, traveling 
(oiulitions before the age of railw*ays were conducive to ca.sual 
geological observation An informed contemplation of the land- 
si ape was eminently the sort of thing which a gen f Ionian of 
taste was expected to enjoy. Geology was even thought a suit- 
able accomplishment for ladies. Lady Mary Cole, for example, 
and her daughters, the Misses jane and Gharlotte Talbot, ear- 
ned out some of Bucklarid’s preliminary researches in I'aviland 
('avc,*'* and fifteen or twenty j eais later the attendance of ladies 
upon the programs of the geological .section of the British Asso- 
c'iation was an annual adornment to tlie scu nee and the envy of 
the other divisions. This point particularly imjircssed the corre- 
spondent who reported the meeting of the association at York 
in 1844 for the readers of Chambrrs's FAinhurgh Journal’. 

The medical, statistical, and mechanical sections w’cre on this 
occasion thinly attended, the chemical, zoological, and physical mod- 
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erately; and the geological largely. The last, indeed, seems to be at 
all times the leading department of the association. The great writers 
in the science are always present; hence curiosity: then the compara- 
tive intelligibleness and popular interest of the subject is attractive. 
What is strange, there is [«r] generally almost as many ladies as 
gentlemen present.^^ 

The geologists had been instrumental in the foundation in 
1831 of the British As.sociation for the Advancement of Science, 
and their enthusiasm was an important element in ensuring its 
succe.ss in the years following.’" By establishing an annual sci- 
entific congress open to the general public, the founders ex- 
pected to avail themselve.s of the labors of a host of amateur 
observers, and by staging their show in the provinces instead of 
in London, they further hoped to encourage the pursuit of nat- 
ural philosophy as a hobby.’ ' It did, in fact, become something 
of a pageant. Over the years the titles of the officers grew more 
and more exalted. The importance of official banquets began 
to dim the “intellectual sunshine’’ which, according to Sedgwick, 
had illuminated the early meetings.” It is doubtful whether 
the assoi'iation ever became what it intended to be — both a 
j)opular forum and a Baconian clearinghouse for the multitude 
of .sciences which were sfilintering off into their own specialized 
societies.’ ’ Still, it was a good show, a serious and .solid demon- 
stration of the social utility of .science, and well suited to the 
temper of the times. Rebels against the ethos of industrial 
capitalism the Oa.stleis and Kebles. duly and instinctively at- 
tacked the British A.s.sociation,’*’ and possibly the organization 
did help to precipitate the .synthesis of .Manchester scholas- 
ticism from which it simultaneously sought and won support 
tor .science. 

The Fdinbur^b Krziew opened its disrussion ol the founda- 
tion and early years of the British Association with a few re- 
flet tions on the political and social convul.sion.s which had 
racked Europe since 1780. and the article implied that enlight- 
ened institutions for the propagation of science were to be 
regarded a.s a bulwark against anything of the .sort in the future. 
“The education of the people — the diffusion of knowledge — 
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the encouragement of literature and talent of every kind, are the 
only ballast for a government like ours, exposed to the double 
hostility of popular menace and aristocratical inroad.” ” The 
founders had themselves regarded popularization as a desirable 
and hopeful by-product of the work of the British Association, 
but most of the meetings were conducted on an intellectual level 
which would have been interesting only to a reasonably well- 
educated audience and on a social level which would have been 
possible only for a fairly prosperous one. This did not mean, 
however, that scientists disagreed with the Edinburgh Revinv 
and with other leaders of opinion on the importance of dis- 
'>eminati:\g an understanding of the principles and meaning of 
science among the lower classes. Popular lectures by outstand- 
ing .scientists enjoyed a great vogue. And if the British Associa- 
tion appealed to a primarily middle-class following, .science for 
the masses was the main objective of Mechanics’ Institutes and 
the Society for the Diffusion of Useful Knowledge, both of 
which were loyally supported by the leaders of the British Asso- 
ciation. .\nd the necessity for educating workingmen in the 
principles of the enterprises which depended on their labors 
was also one of the arguments most frequently pressed by edu- 
cational reformers in the thirties and the forties. 

These movements are usually said to be examples of a ra- 
tionalist and humanitarian belief in educational reform as sim- 
ply a good thing in itself. .And, indeed, they were enthusiastically 
forwarded by the foremost philosophic radicals in the twen- 
ties and thirties. The objective of the philo.sophic radicals was 
the maximum liberation of individual talents, and towards this 
end they encouraged the pursuit of the greatest material happi- 
ness, it being assumed — if it was not demonstrated — that 
natural law rendered this felicitous condition the proper yard- 
stick of morality. The bearing of science upon th«- beneficence 
of industrial arrangements was eagerly adduced to the same 
purpo.se, but that bearing was used less to illustrate natural 
(le.sign than to confirm divine sanction. Perhaps the method 
of the argument was not so exclusively rational as is often 
supposed. Outside of Bentham’s immediate circle, the assump- 
tion of natural law seems to have left lingering doubts even 
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among leaders of progressive opinion. The overwhelmingly theo- 
logical tone of the social philosophy of science, whether sincere 
or contrived, suggests either that naturalism was not enough 
or else that it was not convincing enough. 

For example, George Combe, whose reputation as a radical 
educational reformer has not survived his simultaneous advo- 
cacy of phrenology, put “God’s secular Providence” at the cen- 
ter of the system of scientific education which was to safeguard 
liritish society from vain and destructive re\olutions like those 
of 1S4S Despite the impeccable nature of this objective, how- 
e\or. Combe was widely suspected of being dangerous, unsound, 
and heterodox He frequently expressed synjpathy for the con- 
dition of the working classes Phrenology, although it created 
quite a stir in the twenties and thirties, was never in good odoi 
among responsible scientists And Combe accused the churches 
of having obscured the true character of the divine moral gov 
ernment bv picturing God as an Old Testament deity who 
continually interfoicd in the affairs of the world to reward or 
punish directly Like Chambers (who, in fact, w’as deeply in- 
debted to (^ombc’s Consttlution of Combe extended 

uniformitarianism from natural to moral and political philos- 
ophy The great achievement of physical science, he felt, had 
been to demonstrate that God governs the material universe 
through unchangeable laws of behavior and not through super- 
natural interventions Moral laws of an equivalent generality 
govern the political, social, and economic w'orld It was because 
the churches had not brought their moral teaching into line 
with the outlook of science that religion and science sometimes 
sec*med opposed Properly understood however, “Science is an 
exposition of the order of Nature, and the order of Nature is 
just another form of expression for the course of God’s provi- 
d(*nce in the affairs of this w’orld ’’ 

C’ombe was the leader of a movement for secular education, 
and since his eftoits moused considerable uneasiness in con- 
servati\e circles the limitations of his radicalism cast an inter- 
esting light on the ideas of educational reformers The purpose 
of Combe’s educational system was to demonstrate to all classes 
that their interest lay in conforming to natural law and not, 
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so far as laborers were concerned, in revolution, nor, so far as 
manufacturers were concerned, in grinding the last penny of 
profit out of the poor. It was, however, chiefly to the poor that 
Combe addressed himself, since only they, he felt, could actually 
do much to better their own circumstances. “Ignorant minds 
. . . attribute evils which result from their own gross errors in 
conduct to the system of things, and fly to dreams of future 
happiness as the compensation for their miseries instead of 
proceeding to obey the dictates of nature and remove them.” 

Combe and his associates in London and Edinburgh em- 
ployed the term “secular education” in a curious sense, or, as 
they insisted, in its original sense, for by “secular” they did 
not mean to exclude religion but only to dispense with its doc- 
trinal, dogmatic, and sectarian elements. I'hese matters, aflect- 
ing irrelevancies like salvation and immortality, should be left 
to the churches. Adult-education courses and secondary schools 
would confine themselves to applying the mandates of “true 
'•eligion” — i.e., science — to the things of this world. “The 
divine authority of the IMoral Law was especially and most 
powertully enforced in Mr. Combe’s teaching, and not only 
moral law and moral duties, but physical law and physical 
duties were based on (he same authority, but only applied to 
the w'orld.” "" This, according to Combe himself, would “con- 
vey to the minds of the young a percejition of their ac tually 
living under a scheme of Divine Go' ernment which favours 
temperance, frugality, industry, intelligence, morality, and re- 
ligion in this world.” Combe laid the calamities of 1848 to 
popular ignorance of the “natural laws by which individual and 
social well-being is determined.”"* Such evils would be averted 
only when workingmen understood that the truths of physical 
science, political economy, and moral philosojihy were neces- 
sitarian because rooted in the decrees of divine rro\ idence. Not 
only George Combe but the whole chorus of publicists preach- 
ing science to the masses referred its message just as insistently, 
and nearly unanimously, to the ultimate sanction of a provi- 
dential plan, which shed a more resplendent and commanding 
light than that of pure naturalism upon the relations of scientist, 
manufacturer, and mechanic. 
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Education can be regarded as contributing both to the 
improvement of social conditions and to making clear the 
necessity for conforming to the best of possible conditions, and 
proponents of popular science seldom made any distinction be- 
tween these objectives. Most of them, indeed, were probably 
unaware of any distinction. The motives of their opponents 
were similarly mixed. When the movements for education of 
the masses are described simply as enlightened humanitarian- 
ism, the fart that many Tories and conserv.Jtive publications 
like Thr Tima and the Quarterly Review disliked the idea of 
j)(>I)ularizing .science is usually attributed to benightedness, an 
opinion often expressed at the time and one which undoubtedly 
contains considerable truth. It is, also, however, an opinion 
which can Ijoar .some qualification, because not all the advan- 
tages which were expected to flow' from a wider knowledge of 
science were of the sort in which a tender social conscience 
could take unlimited satisfaction, any more than in, say, the 
Malthusian Poor Law of ib VL which w’as also attacked by The 
Times and the Quarterly 

The editors of these periodicals weie auspicious not so much 
of science as of the gioujxs under whose au-spices Mechanics’ 
Institutes and the Society for the Diffusion of Useful Knowl- 
edge had grown up. In an article on “Popular Science,” the 
Quarterly, for examjile, dismis.sod as more than a little absurd 
the e.xaggerated hopes of flushing whole covejs of “mute, in- 
glorious Bacons” and “village Newtons” and of reforming 
human nature through dissemination of science. The reviewer 
critici/.c'd pcjpular science because its message to the populace 
was Benthamite and its scientific content was superficial. But 
as to science itself, the Quarterly agreed with Bacon, who had 
assigned “.science a two-fold object, the relief of man’s estate, 
and the glory of the Creator. There has never, in this country, 
been a disposition to underrate its last, and most honoured use. 
In the same spirit in which they studied the ‘book of God’s 
word,’ Englishmen have studied the ‘book of God’s works.’ ” 
And the article closed with a disapproving glance at France, 
where ‘‘atheism, without limitation or disguise, has too often 
been blended with an extensive acquaintance with natural phi- 
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losophy'’ — a shallow Gallic tendency of which Comte was the 
latest and one of the most regrettable instances."^ 

The energy and values of Henry Brougham are a handy and 
fairly accurate epitome of many characteristics of these dec- 
ades. His view of the utility of popular science demonstrates 
that however earnestly radicals pressed for liberation of the in- 
dividual, they were not unconcerned about securing the group’s 
acquiescence in their brand of liberation. “We ask you.’’ begged 
Charles Knight, Brougham’s amanuensis of Useful Knowledge, 
-as a body, to strive with all >our powers to raise the .standard 
of your enjoyment.” W'orkingmen. to whom this jilea was 
dddre.ssed, would find the necessary tools, “knowledge, indus- 
try. and prudence.” in the publications of the Society for the 
Difiu.sion of I’scful Knowledge, which Biougham founded in 
The useful knowledge it diffused was cast in a vein of 
moralizing condc'seension. “The peace of the country,” thought 
Brougham, “and the .stability of the government, could not be 
niore effectually sci tired than by the universal (iiffu<-'ion of this 
tiud of knowledge ’’ •’ Both religion and ^ociety would benefit, 
foi “the more widely science is diffused, the better will the 
Author of all things be known, and the less will the people be 
tossed to and fro by the sleight of men, and cunning craftiness, 
whereby they lie in w'ait to deceive.’ ” 

Brougham had already been the foremost patron of the Lon- 
don Mechanics’ Institute, founded in u|)on the suggestion 
of the Mechanics’ Maqazinc.-^ Its supporters anticiitated an 
immediate .strengthening of the moral fiber of the British nation 
so soon as laborers turned their surplus energies to cultivating 
the intellectual benefits deiived from .science instead of the di.s- 
sipations derived from pub, pothouse, and trades combina- 
tions. And three jears later, the Edinburgh Review, in an 
attack on a pamphlet by an anoin mous c'ounlry gentleman who 
had expressed the fear that educating the working classes would 
teach them to aspire above themseKes. contrasted the peace- 
able way in w’hich the laboring classes had suffered the depres- 
sion and distress of 1826 to their turbulence in similar circum- 
stances in 1817 and 1819; and the reviewer attributed this 
change largely to the enlightening influence of popular educa- 
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tion and popular science.®^ Benthamites were enthusiastic about 
a good thing when they saw it — besides Brougham and Ben- 
tham himself, J. C. Hobhouse, Charles Knight, Francis Place, 
and William Ellis, one of Combe’s associates, were initial sub- 
scribers to the institute; and Dr. George Birkbeck, who was 
prevailed upon to accept the presidency, had for some time 
been a friend of the two Mills, Grote, Ricardo, and other mem- 
bers of the utilitarian circle.®® About twenty years before, 
Birkbeck, at that time professor of natural philosophy at the 
Andersonian Institution in Glasgow, had been re.sponsible for 
inaugurating there a highly successful course of popular lectures 
for workingmen.®* Earlier in 1823 these lectures at Glasgow, 
then given by Birkbeck’s successor, .\ndrew Ure, had devel- 
oped into the (ila.sgow Mechanics’ Institute, which wa.‘5 held 
up as a model to London artisans. Dr. Ure, incidentally, was 
also the author of two of the most egregious volumes puhlLshed 
in the nineteenth century — one a njore than usually forced and 
insistent reconciliation of geology with (k*nesis, in wdiich the 
providential harrier to social chaos is particularly apparent, 
the other a Philo'^uphy oj Manufacturers, a really grotesque 
demonstration of the beneficencc' of devil-take-the-hindmost 
natural law in the factories.®* 

Scienti'^ts who were reciuested to give lectures in the new' 
institute resjrondcd nobly and generously, but .somehow or 
other trouble began to develop almost immediately in .spite of 
the fact that Mr. Brougham came to nearly every meeting 
“encouraging, by his own deep attention to the lectures, the ai- 
tention of others.'’ In Ie>.s than a >ear the Mahanits' Maga- 
zine, (*dited by Joseph Robertson .and Thomas Hodgskin, began 
to critici/.e the managers bitterly. Brougham, Birkbeck, and 
Ellis, felt the editors, were taking control of the institute out 
of the hands of the laborers for whom it was fetunded and turn- 
ing it to their own purposes.®'' The clientele was becoming in- 
creasingly middle class; tea was displacing applied philosophy; 
and the formal lectures, though well attended, were overly 
moral and insufficiently practical. Provincial institutes seem to 
have followed the same pattern. Establi.shed on a wave of utili- 
tarian enthusiasm for the uplifting educational potentialities of 
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applied science, they soon found themselves ministering to a 
class of people who already had sufficient leisure and education 
to appreciate their message. 

How far this failure was inevitable and how far it was 
hastened by over-edification it is difficult to say, but certainly 
the promoters of the enterprise were motivated by more than 
the de.Nire to brighten the corners of every humble <lwelling with 
the pure gleam of Newtonian mechanics. There was, of course, 
'^incerity in the reiterated contention that manufacturing would 
be more efficient if every fireman knew why a steam engine 
worked, but the underlying objective ^eenis to have been a 
mass demor.stration not only of why the British machine as a 
whole worked, but of why it should work. 

So. at least, thought Ilenrv' Brougham. In his view there 
were tw'o mundane reasons for studying science: its obvious 
utiht}’ to an industrial country, and the satisfaction it afforded 
the individual, be he a NewMon or a liumble gleaner of fos.sils. 
Besides these. 

^he hitihest of all our uratifiralions in the rontemi)]ations of science 
remains; we are raised bv them to an understanding of the infinite 
wisdom and goodness w'hich the ('reator has displayed in all his 
work^. . . It teaches us to look on all eaithly objects as insignificant 
and below our notice, except the pursuit of knowdedge and the cultiva- 
lion of virtue — that is to say, the strict performance of our duty in 
every relation of society.^’^ 

Brougham developed this point in vast detail in his edition of 
Paley’s Natural Theology, which he found time to bring out 
while fighting the Reform Bill through the Lords. The prelim- 
inary treatise argues that natural theology, and hence science, 
was necessary to the support of revelation, if revelation was to 
have any utility. Without these tools, one might indeed prove 
the existence of a God, but not of a God who took any cog- 
nizance of social relations “as indeed the Epicureans believed 
in the existence of the gods, but held them to keep wholly aloof 
from human affairs, leaving the world, physical as well as moral, 
to itself, without the least interference in its concerns.” This 
would never do, and Lord Brougham seems to say that a mi- 
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raculous revelation can prove nothing except the exercise oi 
miraculous power, which is in itself no evidence of the trust- 
worthiness of the message it transmits. Without Paley, in other 
words, one might well be justified in thinking Christ a fraud, 
however successful He was as a magician.^*’ 

Nearly everyone who was articulate about his approval of 
natural science agreed with Brougham upon its twofold raison 
d’Hre: its utility to the maintenance and extension of British 
commercial and industrial supremacy, and the evidence it 
afforded of God’s continuing com ern for material progress in 
His creation.'*" The former motivation led the majority of sci- 
entists to take an active part in lorwarding the application of 
their researches to industry, agriculture, and mining.^* The 
latter put them in the van of the campaign for popularisation 
and dissemination of the “principles” of science. 

Sir ITumjihry Hav'v. to take one of the most notable exam- 
ples, devoted some of his be'-t (‘fforls to agricultural chemistry, 
the miners' .s:ifet> lanif), and other apjdicalions of chemical 
science In 1S02 ho delivered hi.s fn-t .series of popular lecture-' 
on chemistry at the Ro>al In'ldution. and he began with a 
somewhat stately intn'diu lory address which traced the im- 
portance of chenustiy to scit'iice and of science to humanity, 
hi.s remarks are said to have created a sensation. *“ Thanks to 
having been “informed through the beneficence of the Deity, 
by science and the art®.” man over the centuries has turned hi^ 
environment to utilitarian puijioses and has transformed him- 
self from a savage, sensual creature into a comfortable, rational 
being But material progress, while important, is only the 
outward and visible sign of the progre.ss of the human spirit. 
More fundamental is the general improsement of the mind 
which has resulted from devotion to science, and Davy urged 
that more people of all classes and stations in life should avail 
themselves of the o[)portunity afforded by .science to enrich 
their intellectual enjoyments. What has been accomplished 
already was only a fraction of what remained to be done. Ex- 
panding the cultivation of scientific pursuits was the surest 
way of ameliorating social relations both because material prog- 
ress and prosperity would be hastened and because the minds 
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best equipped to understand the essential principles of social 
well-being were those disciplined and enlarged by the study of 
nature. 

The unequal division of proj)erty and of labour, ihe difference of 
lank and condition amongst mankind, are the sources of power in 
civilized life, its moving causes, and even its veiy soul; and in consid- 
ering and hoping that the human sjiecies is capable of becoming more 
enlightened and more happy, we cjin only expect that the great whole 
of society should be ultimately connected together by means ol knowl- 
eilee ancl the useful aits; that they should act as the children of one 
great parent with one determinate end, '•o that no power may be 
reiulered iiseiess, no exertions thrown away.‘^ 

*^010000, therefore, should be actively forwarded as an avoca- 
tion for members of all classes. It would develop, in the upper 
lanks, an understanding of the responsibilities attaching to 
position and, in the lower ranks, an appreciation of the neces- 
sity and benefits of jibt gradations and subordinal ioii.s. 

Davy’s political opinions were formed during the period 
of reaction against the French Revolution. During his lihdime 
the Tories were in power in the government, and they had not 
yel developed the .social conscience with which, after 1830, 
some of them responded to the factory conditions, the Poor 
Law. and the domination of the political scene by liberal jiolit- 
ical principles, and which made many Tories anti{)athetic to the 
increasingly Benthamite character of popular science. Social 
attitudes, however, did not always neatly follow parly lines in 
these years. Among scientists themselves, as well as among a 
great many influential laymen, the utility and social significance 
of science were conceptions comprehen:^ive enough to embrace 
differences of political outlook. Although Sir John Ilerschel, to 
take another prominent illustration, was generally Whiggi.sh in 
his sympathies, his opinion on tlie value of science was very 
like Davy’s. Nor, on the other hand, were Henschel’s views on 
its social implications much different from those of the semi- 
Benthamite Brougham. Unlike Brougham, however, a politi- 
cian whose only contribution to .science was that of a publicist, 
Herschel was primarily a scientist, and he emphasized a point 
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usually ignored by lay commentators. The ultimate purpose 
of research, thought Herschel, was the advancement of knowl- 
edge for its own sake. It was vulgar, distracting, and harmful 
to expect immediate applications and useful results to flow from 
every investigation.*® 

Nevertheless, such results do flow, and both on that account 
and because of the constructive moral and intellectual influence 
of science, Herschel made a number of efforts to help keep the 
public abreast of science. The Ixjrds of the Admiralty had 
thought it would be well for the officers and even the men of the 
Royal Navy to occupy their off-duty hours in scientific observa- 
tions of one sort or another, and Herschel edited a volume of 
essays outlining the subjects to which sailors might make some 
avocational contributions and containing instructions on how 
to observe and record useful information Assistance and en- 
couragement of this soit should, Herschel fell, be offered to the 
people generally. S wider comprehension of nature would have 
a direct influence on political and moral stability in an age when 
legi'-lation wa*- becoming increasingly scientific, when the theo- 
ries of political economy had been soundly established, and 
when, conseciuently, the conditions of social progress were being 
isolated and understood.*’ \fter jiassage of the Reform Bill of 
183?, the iinjiortance of a wider dissemination of the principles 
of social well-being seemed so pressing to Herschel that he ac- 
cepted the presidency of an institute founded to build a public 
library and reading room in Windsor and Eton. He insisted that 
a special section be set a^ide to provide for the entertainment 
and the intellectual and moral improvement of the poorer 
classes. This project he regarded a* part of "a process on which 
it is no exaggeration to say, that the future de.stinies of this 
empire wall very mainly depend -- because on it depends, by 
a natural and indissoluble link, our capacity as a nation for a 
high degree of civil liberty.” *’* 

Most scienti.sts mounted the lecture platform without the 
slightest reluctance. Seldom did a British Association meeting 
go by without Buckland or Sedgwick or Murchison addressing 
a public gathering, usually an outdoor one, on the megatherium 
or the iguanodon or the origin of British coal deposits, and 
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seldom did a lecture go by without tlie moral of beneficent 
Providence being pointed. Sedgwick was particularly anxious 
to reach the class of artisans, for whom he professed a deep 
respect.^” So great was the demand for this sort of thing in 
lyceums, Mechanics’ Institutes, and provincial natural history 
societies that Lord Arthur Hervey, Bishop of Bath and Wells, 
urged the universities to establish professorial chairs whose 
occupants would be relieved of teaching duties in order to de 
vote their energies to popular scientific lectures. “Such men 
may well think it a mission of no mean importance to light the 
torch of pure science and hold it out to those who are in danger 
of being bewildered and seduced." By such a program, thought 
the bishop, the universities would lay up intellectual treasure 
with the masses, and the masses w'ould perceiv’e “the advan- 
tages which the noble Universities of this land confer upon the 
wealthier classes” and would “see the knowledge of natifre 
advance hand in hand with the knowledge of the Word of Uod, 
till that happy condition of the human mind becomes the por- 
tion of the people at large, when ('hristian truth has the full 
absent of a cultivated reason, and the truths of science acquire 
a fresh glow of beauty by being traced to the Wisdom and 
Power" of the Creator.®® 

Besides the Mechanics’ Institutes, I.ondon also offered en- 
lightenment to the curious in the lectures at the Royal Institu- 
tion and at the Society of Arts, revitalised under Prince Albert’s 
presidency after 1843. professor of natural philosophy at 
the Jermyn Street School of Mines, Huxley first won public 
attention by his addresses to workingmen, though he undoubt- 
edly cast his material in a somewhat exceptional framework.®' 
Nevertheless, the vast majority of naturalists who undertook 
to educate the public were perfectly orthodox, none more so 
than Leonard Horner, first w-arden of the London University. 
In 1821 Horner had founded a School of Arts in Edinburgh. 
“He is a most useful citizen,” wrote one Edinburgh gentleman 
after the opening, “and it is of great importance to have such 
a person here, not of the law. I have no doubt tliat with his 
excellent habits of arrangement and of business, of good man- 
ners, science, and whiggism, he will in time greatly raise the 
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character and zeal of our merchants and tradesmen.” After 
1836 Horner was a leading spirit in the movement to establish 
after-hours schools for factory children. He even volunteered 
to act as an inspector under the Factory Acts, and it would be 
a mistake to regard as simple hypocrisy his picture of the 
eagerness with which the children sped from loom to primer. 
Within the limits of the Manthester school philosophy, he sin- 
cerely wanted to look out for their welfare.®*' 

An astonished German chemist has left an account of one 
of the fetes of .science with which the British public was so 
frequently regaled. In 1830 the British Association was meet- 
ing at Birmingham. Near by lay the famous Dudley Caverns, 
an artificial cave over a mile in length j)roduced by the quarry- 
ing of limestone. I.ord Ward, the owner, thought it appropriate 
to honor the Association by throwing his %ery profitable tavern 
open to the public. He s|)ent hundreds of pounds upon candles 
and ton hes for illumination and provided boats to carry dis- 
tinguished guests along the canal w'hich led into the center of 
the hill to the chief attraction, lectures by Murchison and Buck- 
land on the geology and mineralogv of the iron industry Sev- 
eral thou.sand of the n)ore humble visitors, unable to get places 
in the barges, clambered through paths and passages to the 
middle of the cave, where they' listened to Murehison sjH'ak for 
over an hour about the stratigraphical characteristics of the 
region and the processes of coal formation The scene was like 
Dante’s Inferno, according to the somcnvhat bewilderc^d Ilerr 
Schcinbein, who, unlike the rest of the audience, had had enough 
when Murchison stopped speaking. 

But that the thirst for knowledge of every one might be satisfied, 
Buckkind went to the galh'rj , pkiced himself on a mighty block ol 
itonc, and lectured for more than an hour, he and his numerous aud'- 
ence being veiled in the cvreathing .sulphur smoke, upon the subject 
already handled by Murchi.son, but in so original and humorous a 
manner that he held the attention of his listeners in a way seldom 
witnessed . . As is well known, the English have a peculiar love of 
regarding Nature from a theological point of view, and the celebrated 
Oxford geologist, as he proved by his last geological work, is no excep- 
tion to the rule. The immeasurable beds of iron-ore, coal, and lime- 
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stone, which are to be found in the neighbourhood of Binningham, 
lying beside or above one another, and to which man has only to 
help himself in order to procure for his use the most useful of all 
metals in a liberal measure, may not, he urged, be considered as mere 
accident. On the contrary, it in fact expresses the most clear design 
of Providence to make the inhabitants of the British Isles, by means 
i)f this gift, the most powerful and the richest nation on the earth. 
This theme was treated by Buckland with every permissible varia- 
tion, to the no small edification of the listening countr}' people, and 
to niy own great pleasure, even though I may not be able to accept 
his leading idea.®'‘ 

There were very few English scientists who had any doubts 
about the leading idea, a compound of physical science Piovi- 
dence, populaiization, and patiiotism: led by Buckland, the 
meeting moved back towards the light of day, singing “God 
.Save the Queen.” 


3 

Some few years later Dr. Buckland, then Dean of West- 
inin.ster Abbey, was reading another side of the message in an- 
other limestone cavern. His congregation, he thought, was for- 
tunate in having so little opjxirtunity for error; the lesson of 
x<'' 48 was clear to all: 

Modern professors, in carrying their re.seaiches more closely into 
(iod’s Uws, by which He regulates the movements of the material 
world, have been permitted to gaze more inteii>ely on ... the 
Infinite wisdom and power and goodne.s5 of the Crei,lor. . . 

The God of Nature has determined that moral and physical in- 
ecjualities shall not only be inseparable from our humanity, but co- 
extensive with His whole creation. He has also given compensations 
( ourdinate with these inequalities, working together for the conserva- 
tion of all orders and degrees in that graduated scale of being which 
is the great law of God’s providence on earth. PTom the mammoth to 
the mouse, from the eagle to the humming-bird, from the minnow 
to the whale, from the monarch to the man, the inhabitants of the 
earth and air and water form but one vast series of infinite grada- 
tions in an endless chain of inequalities of organic structure and of 
physical perfections. . . 
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So also there never was, and, while human nature remains the 
same, there never can be, a peiiod in the history of human society 
when inequalities of worldly condition will not follow the unequal 
use of talents and opportunities originally the same: industry and 
idleness, virtue and vice, lead the same talents, with the same means 
and opportunities, well used or abused, to most unequal results. . . 
Equality of mind or body, or of worldly condition, is as inconsistent 
with the order of Nature as with the moral laws of God. . . There 
may be equality in poverty: equality of riches is impossible. . . 
Equality of wealth and property never has and never can exist, except 
rn the imagination of wild transcendental theorists so long as human 
nature shall continue to be that imperfect thing which (iod has placed 
in this world in a state of moral jirobation 

This is a vit^w of a necessary order of nature which, together 
with a dernonstralion of its beneficence, constituted the central 
nies.sage in the vast literature of natural theology in which 
early indu.strial England enshrined it^ understanding of popular 
science. 

Perhaps the most zealous of the many popular writers on 
elementary .science was Thomas Dick, a Siotti.sli schoolmaster, 
the succe.ss of whose first book, llu Clirhtinn Philosopher^ 
enc'ouragc*d him to abandon a teaching career in order to dcAole 
all his time to spreading the go.spel of useful knowledge. ’*’ Dick 
.sought to stabili/.e the* minds and improve the morals of the 
slightly educated classes. ‘‘As .science has it for one of its high- 
est objects to investigate the work.s of the t'reator, an oppor- 
tunity ihould he taken when imparting scientific instructions. 
0 / advirling to the attribut(s o) tin Deity as displayed in 
his operations." Much as Dick appreciated the value of 
Mechanics’ Institutes, he was disturbed by tJie fact that many 
of them forbade the discussion of religious topics. This, he 
feared, might be the first symptom in Britain of a movement 
to se\mrale science irom religion and the diffusion of knowledge 
from the Christian faith, a tendency which, though not yet far 
advanced, should be arrested at its earliest appearance. If a 
separation should actually come about, what would be the in- 
evitable consequence? ‘‘The recognition of a Supreme intelli- 
gence, to whom we are all accountable, would soon be con- 
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sidered unnecessary in scientific investigations”; and as a 
result, “there would be no reliance on the superintending care 
of an unerring Providence, ordaining and directing every event 
10 the most beneficial purposes.” The immoralities and hor- 
rors of the French Revolution stood as an example of what 
could come (»f an atheistic philosophy. In recent years, Dick 
thought, even British scientists had begun to omit allu.sions to 
(Jod and His physical Providence from their publications and 
lectures, and he warned that if once the bonds of society were 
loosened, science itself would be swept away in the wreckage. 

Dick's alarm was somewhat premature Before the middle 
of the century there were, in fact, very few British scientists 
who did not from time to time refer to the idea that scientific 
research enlarges our lomprehension of the ('reator’s plans 
U>r the woild. Disagreements did ari'^e about the way in which 
those plans had been carried out, but there was no public attack 
upon the frequently expressed assertion that an understanding 
of them wa.*: the highest, though not the only, benefit derived 
from the progress of physical knowledge. Whether writers like 
{ veil fell into the prevailing mode for the sake of conviction or 
of conventior, they never challenged it. Even had they wished 
to do so, it would, of course, have been very difficult for them 

Lyell complained in a moment of irritation at his clerical 
dot 1 actors, almost all the academic post-' for the teaching and 
advancement of science were restricted to scientist.s who w’cre 
also clergymen. This may not have been too serious a deterrent 
since the universities in any case firovided a livelihood for only 
a very few scientists, but even outside the universities a repu- 
tation for doubtful religious views w’ould not have advanced 
a man’s w’orldly pro.spects in any line of endeavor in early 
Victorian England. Although such views were held more often 
than is sometimes supposed, they were seldom publici/.ed 
Xevertheless, there does not seem to have been any general 
feeling of intellectual cramp among scientists, or any sus- 
tained chafing at the theological bonds Even Roderick Mur- 
chiion, who privately — very privately — bewailed his inability 
to believe that God was more than a principle of design, had 
a clear sense of the utility of natural theology, and he con- 
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eluded the first volume of his severely descriptive Silurian 
System with the remark: “Geology, therefore, in expounding 
the former condition of the globe, convinces us, that every 
variation of its surface has been but a step toward the accom- 
plishment of one great end; whilst all such revolutions are 
commemorated by monuments, which revealing the course and 
object of each change, compel us to conclude, that the earth 
can alone have been fashioned into a fit abode for Man by 
the ordinances of Infinite Wisdom.” 

Other scientists did not often participate in the controversies 
among geologists, and since the progress and interpretation of 
research in other fields did not touch upon contentious points 
within the generally accepted framework of natural theology, 
most scientists who were not directly concerned with geology 
were only occasionally and incidentally affected by the theo- 
logical issues involved in explaining the geological record The 
Vestiges of Creation, of course, met with general condemnation, 
but the Vcstige<; was not a product of scientific research. On 
the other hand, the writings of Sir Richard Owen do reflect 
a strong theological bent. Like most British scientists, Owen 
accepted the broad idea that the physical universe is the Deity’s 
handiwork, but in his case, as in that of many geologists, theo- 
logical influence is also apfjarent in the cast of his particular 
theories. Before his reputation had been eclipsed by Darwin’s, 
Owen, an anatomi.st and paleontologist, was the most prominent 
biologist in Britain. His approach was that of the Naturphilo- 
sophic of Oken, Geoffrey Saint-Hilaire, and Goethe. Accord- 
ing to the .somewhat mystical and now totally rejected doc- 
trines of <his school, existing forms of life have resulted from 
variations on a common archetj'pe produced by the operation 
of the Platonic idea which was the original model of each 
particular species and w’hich was conceived of as a specific 
organising principle or force.^® In Owen’s view. 

The rccoiinition of an ideal Exemplar for the Vertebrated animals 
proves that tho knowled>^e of such a beinst as Man must have existed 
before Jfan appeared For the Divine mind which planned the Arche- 
type also foreknew all its modifications. . . To what natural laws or 
secondary causes the orderly succession and progression of such or- 
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panic phenomena may have been committed we are yet ignorant. 
But if, without derogation of the Divine power, wc may conceive the 
existence of such ministers, and personify them by the term “Nature,” 
we learn from the past history of our globe that she has advanc^ 
with slow and stately steps, guided by the archetypal light, amidst the 
wreck of worlds, from the first embodiment of the Vertebrate idea 
under its old Ichthyic vestment, until it became arrayed in the glorious 
garb of the Human form.®^ 

Owen is particularly interesting because, unlike the continental 
Xuturphilosophcn, who tended to be uniformitarians and evo- 
lutionists in opposition to Cuvier, Owen was not unsympathetic 
to the catastrophist outlook. His expressions on the descent 
of species were always peculiarly cloudy, but he remained on 
the whole a consistent opponent of evolutionism, lie is gen- 
erally supposed to have coached Bi^ho[) Wilberforre for his 
attack on Darwin at the British Association meeting in i860; 
'tnd in the 1840’s Whewell, Murchison, and Sedgwick had be- 
‘•onght him to lend his prestige to the refutation of the 

In the 1840’s and 1 850’s there was a minor flurry a.s to 
whether other planets might be populated, a ijuestion which 
had lain dormant since the early eighteenth century.*''* The 
aignment, however, was conducted largely on geological and 
r(‘ligiou.s rather than astronomical grounds. No important as- 
tronomers participated in it. Astronomy, it was felt by both 
sides, might occasion tlie issue but could not settle it. The 
discussion produced a large and rather redundant literature, 
the character of which may be indicated by a orief considera- 
tion of the contributions of William Whewell and Sir David 
Brewster, who led the opposing .sides *’* Whewell, the Master of 
Trinity College, Cambridge, and something of a scientist as 
well as a historian of science, was disturbed by the popularity 
of the supposition that there are a large nuint)er of worlds 
inhabited by human beings. If the notion were true, it would, 
he felt, prove deeply unsettling — perhaps even fatal — to the 
Christian belief that the earth is “in a unique and .special man- 
ner, the field of God’s Providence and Government.”®^ Wbe- 
well had no objection to the existence of lower forms of life 
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elsewhere in the universe, but a religion basing its claim on 
a unique revelation of truth, and springing from a single set 
of historical circumstances, could not be reconciled with the 
admission that other plants also support “intellectual crea- 
tures, living, we must suppose, under a moral law, responsible 
for transgression, the subjects of a Providential Government.” 
The drama of redemption would become meaningless if it had 
been repeated all over the universe; whereas if it had been 
different wherever it occurred, then our moral law could not 
be absolutely true. 

Whewell admitted the difficulty of supposing, in the face of 
the vastness of space and the millions of stars, that our phys- 
ically insignificant earth had been singled out as the special 
object of God’s attention. This embarrassing dilemma, though 
it could not be resolved on astronomical grounds, disappears 
when geology is considered, because geology exhibits actual 
evidence of the intensity of God’s interest in preparing, over 
ages as inconceivably remote in time as the fixed stars are in 
space, the surface of our planet to be man’s abode and the 
stage for His moral drama. In Whewell’s view, the geological 
record is a history of events that need never have taken place 
for any intrinsic reason, and the whole process, therefore, is 
inexplicable except on the assumption that it was intended 
and directed toward an end. Since there is no reason to imagine 
that events have occurred otherwise than naturally on the face 
of other planets, geology affords good, though in the nature 
of the case not certain, grounds for regarding our planet as 
the only physical location for the activities of a moral Provi- 
dence. The .science of the earth comes to the assistance of the 
moral aspects of religion on a point where astronomy, power- 
fully though it testifies to design, tends to create, if not in- 
fidelity, at least uneasiness.*’^ 

Whewell’s argument, published anonymously, was answered 
by Sir David Brewster, who had been one of the leading 
spirits in the foundation of the British Association and who 
defended the popular belief in a plurality of inhabited worlds. 
The opposing view, he felt, would lead to loss of faith among 
the rising generation, since it denied that the tmiverse as a 
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whole had any intelligible purpose.®* Why would other planets 
and other suns exist, except to support animal and intellectual 
life? “To exhibit the Divine attributes, and to display the 
Divine glory to an intellectual and immortal race,” were the 
only reasons for which a material universe could have been 
created.®® “Life was not made for matter, but matter for life: 
and in whatever spot we see its atoms, whether at our feet 
or in the planets, we may be sure life is there — life to enjoy 
the light and heat of God’s bounty — to study His works, to 
lecognize His glory, and to bless His name.” To suppose other- 
wise was intoh rable. It was to imagine the whole mechan'sm 
of the heavens running on aimlessly, “fulfilling no purjiose 
that human reason can conceive, — lamps lighting nothing, — 
fires heating nothing, — waters quenching nothing,- - breezes 
fanning nothing, — everything around, mountain and valley, 
hill and dale, earth and ocean, all meaning nothing."'’'^ Brew-’ 
ster, too, referred to the evidence of geology, but his arguments 
are too strange to follow; he did suggest, reasonably enough, 
that there is no reason to suppose other planets incapable oi 
having their own geologies. His discu.ssion was, if anything, 
even more theological than Whewell’s. He quoted the Bible at 
length to show that the in.spired writings do not exclude the 
[lossibility of other populated planets, and that certain pas- 
''ages even imply that they exist. He entered into a mathe- 
matical computation to prove that the earth would not provide 
room for the myriads of re.surrected bodies, and that other 
planet.s must, therefore, be livable. And he urged that Whewell 
had gratuitously put himself in the position of the pre-Christian 
philosophers, “who had no other guide but reason ” ’’ 

In the geological controversies, the development rather 
than the design of the order of nature was at the root of the 
trouble. Owen’s theories and the rather ridiculous debate be- 
tween Whewell and Brewster illustrate that tlie same difficulty 
was responsible for the few instances in which theological bias 
shapied the approach to particular problems in other areas 
of science. As yet, physicists, chemists, and astronomers were 
not immediately faced with questions of development in pros- 
ecuting and interpreting the results of their researches, which 
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could still be described as evidence of design. Outside of geologj' 
there v/as, therefore, no occasion for an attack on the con- 
ceptions of natural theology, while inside that science the 
disagreements were themselves strongly theological. 

On the whole, the opinions of British scientists on the re- 
lationship of science to religion may be grouped into three 
broad pattern.s, which, if not generalizations of the geological 
issues, did at any rate parallel them on a wider plane of inter- 
pretation. In the first place — although there were no geologists 
who can be put in this class — there were a few scientists who, 
like Micliael Faraday, thought that there was no connection 
at all between physical science and religious truth, or who, 
like Thomas Young and John Dalton, never expres.<5ed any 
views about the subject. Faraday was intensely devout, Dal- 
ton moderately so, and Young relatively indifferent.'^” ( It may 
be worth remarking that there is no good reason to suppose 
that as a .social group .scientists wc're either more or le.ss pious 
than any representative cross section of Englishmen would 
have been.) Not many belong in this category, and it is per- 
haps .significant that among them are three whose scientific 
achievements were of the first rank, and that, however dif- 
ferent their religious convictions, Faraday. Dalton, and Young 
were alike in being thoroughly uninterested in political ques- 
tions. 

Secondly, an increasing number of scientists, who .sub- 
scribed to the idea that science is the witness of a divine plan 
for the universe, took a uniforniitarian position and argued 
that Clod’s provision for the laws of nature is immutable and 
that science proves their divine origin by demonstrating the 
.self-sufficiency and invariability of their operation and not by 
finding evidence of exceptional and miraculous interventions, 
which, in fact, have never occurred. Playfair, Lyell, Powell, 
Herschel, Babbage, and — on the popularizing level — Cham- 
bers and Combe, were all examples of this interpretation. 
Scientists whose attitude was of this type usually opposed all 
efforts to reconcile the results of research with the Biblical 
narrative, but they did not deny that science had a religious 
function or that the physical universe exhibits divine purpose. 
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Finally, there was the tradition, of which Neptunism, 
catastrophism, and the religious objection to the Vesl/f^s were 
t-xpressions, which held that science discovers a Deity who is 
not only a first cause but also an active governor of Hi-, crea- 
tion, directly participating in its development, conlinttally 
adapting means to benevolent ends, and by so doing demon- 
‘-trating His perpetual watchfulness over its behavior and that 
ot its inhabitants. 

Scientists who may be put in the first of these classes, the 
few for whom science had no bearing on religious truth, did 
not yet constitute anything in the nature of a conscious school. 
They were simply occasional individuals who, for one reason 
or another, were indifferent to the question, and. unlike IluxUy 
and his cohorts later in the century, none of there set out to 
win converts or to remove a theological incubus from scien- 
tific thought. Instead, the disputes that arose were between 
(hose for whom the material .system of things discloses God’s 
jilaus and original intentions and those for whom it dis, loses 
( lod’s control and perpetual attention. And it was members of 
the latter group who were most upset about the consequences 
of disseminating among the people at largo the wrong view of 
God’s connection with His physical creation. 

An exhaustive di.scussion of all the titles in the literature 
of natural theology would be a w'eari.some affair, and it would 
serve no useful purpose because the mess.age of the .school ij 
epitomized at more than sufficient length in the eight Brid^c- 
ivafcr Trratiscs. This strange and, to the modern reader, 
deadly series was commissioned by the will of the Reverend 
Francis Henry Egerton, eighth Earl of Bridgewater, a noble 
clergyman who had always neglected his parish assiduously 
and who died in 1829. Lord Bridgewater charged his executors, 
the Archbishop of Canterbury, the Bishop of London, and the 
president of the Royal Society, with the duty of selecting 
eight scientific authors capable of demonstrating ‘ the Power, 
Wisdom, and Goodness of God, as manifested in the Oeation; 
illustrating such work by all rea.sonable arguments, as for in- 
stance, the variety and formation of God’s creatures in the 
animal, vegetable, and mineral kingdoms; the effect of diges- 
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tion, and thereby of conversion; the construction of the hand 
of man, and an infinite variety of other arguments; as also 
by discoveries ancient and modern, in arts, sciences, and the 
whole extent of literature.” All the authors chosen knew 
something of science at first hand. Four were clergymen, four 
were physicians, and three of the eight had lectured on geology 
at one of the universities.^* 

The series was intended to offer a working epitome of each 
of the main branches of natural science, and its final impact 
was e.xpected lo demonstrate the higher meaning of the order 
of nature and, in Sedgwick's phrase, to “ennoble” empirical 
discovery into morality. The argument, repeated incessantly, 
began with triumphant illustrations of the utility of natural 
arrangement.s, organic and inorganic. Next there would be 
brought out the evidence for unity of design. “The argument 
of design,” remarked one of the authors, “is necessarily cumu- 
lative; that is to say, is made up of many similar arguments.*’ 
Dreadfully cumulative it was, and upon it was erected the 
contention that so single-minded a universe could not have 
ari.sen by chance, that it was statistically impossible for such 
an infinity of occurrences to work together for good without 
divine direction. Necessity establi.shed, it remained only to 
demonstrate benevolence - - the jjroximity of Britain’s iron 
ore to her coal and limestone, the Providence which ordained 
that the vegetable cycle should coincide with the solar year, 
the tran.scendent goodness which furnished man with a hand 
and a codfish which had to live under water with an eye that 
could see there, and so on and so on — Lord Bridgewater’s 
purpose was not only accomplished but accomplished at in- 
controvertible length. 

The first treatise by Thomas Chalmers dealt with the moral 
and intellectual nature of man as evidence of necessary and 
benevolent design, and of this something will have to be said 
later. The second, by the Reverend John Kidd, was supposed 
to demonstrate the beneficent adaptation of external nature 
to the physical condition of man: the utility of animals for 
food and clothing, the comforts consequent upon divine pro- 
vision for light and heat, the beneficial effects of sleep upon 
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the constitution. The Reverend Mr. Kidd must have assisted 
his readers to avail themselves of the latter boon. His book 
is desperately unreadable, particularly since he would obviously 
have preferred Chalmers’ topic; he is forever .spilling over 
into social morality, and in order to expand his work to ap- 
propriate length, he dragged Aristotle in by the heels in order 
to collate him with Cuvier. Even a pagan classification, thought 
Kidd, inevitably fell into categories which carry conviction of 
material design to a Christian mind-’^* 

The Reverend William Whewell was the only author who 
expressed his sense of the moral insufficiency of material proofs 
and who pointed out that laws of nature ar<‘ simply de^criptix e 
generalizations and are, therefore, very different from man- 
made laws or moral laws. Nevertheless, he felt that his treatise 
on astronomy and general physics rendered it “imjiossiblc to 
exclude from our conception of this wonderful .system, the 
idea of a harmonizing, a preserving, a contriving, an inteiuling 
Mind; of a Wisdom, Power and (ioodne.ss tar exceeding the 
limits of our thoughts.”” Because Whewell (one of the few 
Englishmen interested in German philosophy) held that there 
i'. “a higher region than that of mathematical proof and phys- 
ical consequence,” Charles Babbage thought that he liad un- 
wittinglj' opened the door to the contention that the facts of 
.science could be opposed to the truths of religion Babbage 
wrote his Ninth Brnigiwater Tf< alin , A Fras,mcnl in order to 
refute this aspect of Whewell's book.^" This contribution w.as 
not an official part of the series, nor was ‘t a welcome addition 
The argument proceeds from the unifo’^mity ol natural law, 
and Babbage’s remote and lofty Deity had little in common 
with the God of the other authors 

Sir Charles Bell, w'ho drew that old favorite, the human 
hand, was a very prominent physician who had ^pent his life 
“maintaining the Principles of the English ''thool of Physiology, 
and in exposing the futility of the opinions of those French 
philosophers and physiologists, who represented life as the 
mere physical result of certain combinations and actions of 
parts, by them termed Organization.” Peter Mark Roget’s 
book on animal and vegetable physiology was intended to be 



both a, religious document and an introduction to natural his- 
tory, though only to those portions of the subject which illus- 
trated the argument from design and the relation of organic 
structures to final causes.*^ Like his colleagues, he felt it in- 
delicate to employ the word “God” where he could get around 
it. “In order to avoid the too frequent, and consequently ir- 
reverent, introduction of the Great Name of the Supreme 
Being into familiar discourse on the operations of his power, 

I have . . . followed the common usage of employing the 
term Nature as a synonym, expressive of the same power.” 

Bmkland was entrusted with the sixth treatise on geology 
and mineralogy. His volumes, though their appearance was 
eagerly awaited, contained no surprises. In writing them, he nad 
secured the collaboration of William Broderip, Robert Brown, 
Louis Agassi/, and Richard Owen. Buckland had abandoned 
the flood by now, but he was still a catastrophist, and he 
worked in a number of se< tions to demonstrate how “a system 
of perpetual destruction, followed by continual renovation, 
has at all times tended to increase the aggregate of animal en- 
joyment. over the entire surface of the terraqueous globe.” 
Being the inventions of benevolence, the carnivorous races, 
for example, increase the sum total of happiness and decrease 
the amount of pain in the brute creation by preventing over- 
population and putting the weak and inferior out of their 
misery. 

The Reverend William Kirby, who followed Buckland, was 
assigned the animal kingdom, a subject which he thought a 
particularly fortunate manifestation of the power, wisdom, and 
goodness of God. It offered conclusive demonstration both of 
the tall of man and of subsequent exertions of creative power 
No one could suppose Adam and Eve in their pristine state of 
glory to have been a }>rey to such disgusting later creations as 
the lice, fleas, and intestinal worms which now befall the 
sinner’s lot.*** Kirby was almost a throwback to Deluc. By dint 
of Hebraic ^ihilology he was able to describe the four cherubim 
through which God governs the creation as symbols for inertia, 
gravity, heat, and light Dr. William Prout closed out the 
series with a job lot of topics: chemistry, meteorology, and the 



mction ot ffisesto. Vxottl, a !«>.% important chemt, 
Uiought cheimstiv a saVijed eminently Stilted tO lo/t) 
vsater’s purpose. Since, we know comparatively little about it^ 
laws, it is more apt to repre-'ent the Deity as a free aReni 
But like all sciences, and like the function of digestion.'’’ it 
demonstrates that all preceding creations were only anticipa- 
tory to the creation and governance of man For, “what would 
have been the use of all this elaborate design, without an 
ulterior object?” 

Thomas Chalmers was entrusted with the most portentous 
subject of all, the application to human affairs, nature s “ul- 
terior object,” of the general argument from a maternl I’rovi- 
dence which could be proved to be necessary and (fortunately) 
benevolent. The title he chose is instructive* On the Powtr, 
Wisdom, and Goodness of God as ManijcHed in the Adapta- 
tion of External Nature to the Moral and Intellectual Consti- 
tution of Man.'^'* It occurred to Dr Chalmers that he would 
find powerful testimony to the wisdom and goodness of Cod in 
the moral and intellectual constitution of man himself, because 
to any individual mind, the impact and relations of the other 
minds which, added together, make up human society are the 
most significant aspects of “external nature ” He must there- 
fore, extend his consideration to the human creation by which 
men arc surrounded as surely as they are by inanimate 
phenomena 

We thus find access to a much larger territory which should other- 
wise be left unexplored — and have the opportunity of tracing the 
marks of a divine intelligence in the mechanism of human society, 
and in the frame- work of the social and economical systems to which 
men are conducted, when they adhere to that light, and follow the 
impulse of those affections which God has bestowed on them 

But in the progress of our argument, we come at length to be 
engaged with the adaptation of external naone, even in the most 
strict and limited sense of the term. In the origin and rights of prop- 
erty, as well as in the various economic interests of society, wc be- 
hold the purest exemplification of that adjustment which obtains 
between the material system of things and man’s moral natu»‘e.®* 
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It is in the creation of a moral being who prospers according 
to his conformity with the material system of things that we 
have the most conclusive evidence of an exquisite and divinely 
established harmony. 

Did we confine our study to inanimate materials, we 
should find numerous indications of the “natural perfections of 
the Godhead,” but only the fundamental constitution of the 
human mind and “the adaptation of that constitution to the 
external world” can attest to his “morttl perfection.”** The 
best examples may be found in the way in which men are 
driven to virtue in pursuit of their own pleasure and self- 
interest. They are endowed, for instance, with a conscience, 
the satisfaction of which couples righteousness with pleasure 
They are further blessed with a sense of charity, which en- 
ables a giver of private alms to revel in a happiness matched 
only by the exqui.site gratification of the recipient.®* If virtue 
is not its own reward, contentment is. Even the necessity for 
obtaining food to sustain life is accompanied by the comfort 
of dining well. 

Such is the mechaiii.sni of human society, as it comes direct, from 
the hand of nature or of nature’s God. . 

It is by a summation of p.articular utilities which each man, under 
the impulse of his own particular affections, contributes to the general 
good, that nature provides for the happine.ss of the world.**'’’ 

Although C'halmers presents almost a caricature of some 
aspects of political economy,"* he is nonetheless characteristic 
of the effort to justify God's social ways to man by bringing 
the prevailing “higher meaning” of .science to the elucidation 
of a sort of deterministic individualism and to read a divine 
sanction to total individualism from nature’s .scripture: 

The failure of every philanthropic or political experiment which 
proceeds on the distru.st of nature's strong and urgent and general 
affections, may be regarded as an impressive while experimental dem- 
onstration for the matchless wisdom of nature’s God. The abortive 
enterprises of wild j-et benevolent Utopianism; the impotent and 
hurtful .schemes of artificial charity which so teem throughout the 
cities and parishes of our land ; the pernicious legislation, which mars 
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instead of mediates, whenever it intermeddles with the operation of 
d previous and better mechanism than its own — have all of them 
misgiven only because, instead of conforming to nature, they have 
tried to divert her from her courses, or have thwarted and tmversed 
the strongest of her implanted tendencies.®’ 

Together with family feeling and hunger, thought l)r 
Chalmers, the most important ‘‘natural affection,” and the one 
most conducive to the well-being of societj , was the ilesire for 
property w'hich God had implanted in men The self-inlere>t 
which a man has in his person or property alone create.-, a 
sense of forbearance in regard to his neighbors.®*’ It was for 
this reason that a poor law, or any public provision at all for 
paupers, was contrary to the law of nature, sinc'’ public 
charity deprived the indusirious, the successful, and the vir- 
tuous of their property in order to encourage the pauper in his 
“mean, and crouching, and ignoble sordidiu'ss. . . Tlia'-c is 
no common quality whatever between the clamorous onset of 
this worthless and dissipated crew, and tht* generoll^ b.ittle-cry 
pro arts et focis, in which the humblest of our population will 
join — when paternal acres, or the rights of any ai tually 
holden property are invaded.” 

Besides flattering himself on being a man of science, 
('halmers was also a Christian mini.ster and found it necessary 
to demonstrate that the dictatc.s ot nature, in the social as well 
as the physical world, issued froi. divine benevolence. 

When we look at p.ach stiiving to better his own condition, we si'C 
nothing in this hut the selfishness of man Wh- n we look at the effect 
of thi« universal principle, in cheapening and niultiplvinc, to the uttoi- 
most all the articles of human enjoyment . . we see in (his the 

benevolence and comprehensive wisdom of God. . .'*** 

Political economy is but one grand exemplification of the .tlliance, 
which a God of righteousness hath established, betwec'i prudence and 
moral principle on the one hand, and physical ''omfoit on the other 
However obnoxious the modern doc trine of poj-ulation, as exiioiindecl 
by Mr. Malthus. may have been, and still is, to weak and limited 
sentimentalists, it is the truth which of all others sheds the gieatest 
brightness over the earthly pros|iects of humanity - and this in spite 
of the hideous and sustained outcry which has lisen against it.®® 
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For here is a clear adaptation between the external nature of 
the world and the moral nature of mankind. Let us glorify God 
that the means of subsistence are insufficient to sustain the 
population, because only His benevolence could have devised 
so infallible a system for impressing upon man the necessity, 
and hence the virtue, of prudence, industry, self-denial, thrift, 
and forbearance. “And it sheds a revelation, not only on the 
hopeful destinies of man, but on the character of God — in 
having instituted this palpable alliance between the moral and 
the physical; and so assorted the economy of outward nature 
to the economy of human principles and passions.'’ 

4 

These quotations from Thomas Chalmers may be an ap- 
propriate conclusion to this chapter, even though they are 
almo'.t too striking an illustration of the relationship between 
the spirit of the times and a piovideniial attitude toward 
science. Nevertheless, the inlerences which Chalmeis wished 
to draw from the moaning of natural history were very 
popular among leaders of opinion in early industrial Britain 
They serve to bear out th<* suggestion that the essential ob- 
stacles faced by silences involving time and life arose in part 
from the instinctive desire of most scientists that their work 
should support the fabric of society, t'halmers, and all the 
Bridgewatei authois, opposed uniformitarianism when it was 
still an issue - ( hahners because Lj'ell’s interpretation la- 
bored “to demonstrate that by laws, and laws alone, the frame- 
work of our existing economy was put together. It is thus that 
they would exclude the agency of a God from the transition 
between one system, or one formation, and another, although 
it be precisely at such transition w'hen this agency seems most 
palpably and peculiatly called for 

Natural history, geology, f)olitical economy, and the fac- 
tory system might be proved inevitable — particularly to the 
educated — but God had best be kept handy to declare that 
the consequences represented His will. 
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Tis the crown and glory of organic science that it does, through final cause, 
link material to moral. . . You have ignored this link; and, if I do not mis- 
take youi meaning, you have done your best in one or two pregnant cases 
to break it. Were it possible (which, thank God it is not) to break it, humanity, 
111 my mil J, would suffer a damage that might brutalize it, and sink the 
.•luman race into a lower grade of degradation than any into which it has 
lallcn since its written records tell us of its history. 

— Sedgwick to Darwin, on receipt 
of On the Ongin uf Species^ 


CiiAULES Darwin had preat personal respect for his onetime 
teacher, but he was not surprised by Sedgwick's hostile recep- 
tion of his evolutionary theories In the 1840’s Darwin had 
followed the controversy over the Vrstiiiis of Creation with 
the keenest interest. Although he di.>approved of Sedgwick’.s 
leview of the book, it wa.s, he felt, “‘a grand piete of argument 
against mutation of species, and I read it with fear and trem- 
bling." ‘ As for the Vc^ti^es itself. Darwin thought the early 
editions wanting in accurate knowledge and in caution, but he 
regarded the work as a valuable lightning rod in channeling off 
the initial thunders of orthodoxy. “In my opinion,” he wrote, 
“it has done excellent «:ervice in calling in this country atten- 
tion to the subject, and in removing prejudices.” ® Darwin may 
have been a bit sanguine about the di.ssipation of prejudice. He 
was, how’ever, prejtared to find most .scientists and most laymen 
conditioned against acceptance of his evolutionary ideas, and 
before publishing his theory, he and his friends foresaw that 
scientific opposition could not be entirely separated from, nor 
always distinguished from, theological opposition,* 

From both the empirical and the interpretative points of 
view, the progress of geological science in the first half of the 



2I8 


GENESIS AND GEOLOGY 


nineteenth century was an essential prelude to the formulation 
of a successful theory of biological evolution. There had, of 
course, been a number of more or less fanciful evolutionary 
schemes suggested ever since the middle of the eighteenth 
century. In Huxley’s opinion, however, these speculative pro- 
posals had little influence on scientific thinking, and it was 
rather Lyell’s work which was primarily responsible for 
smoothing the road for Darwin,'^ so that from this standpoint it 
is James Hutton and not Lamarck who ought to be considered 
Darwin’s intellectual ancestor. Besides being a biologist. 
Darwin was himself an experienced geologist. He served as 
secretary of the (ieological .Wicty from 78^8 to 1841. A large 
part of On thr Otigin of Spidrs is devoted to describing geo- 
logical evidence, from which Darwin drew i)lu^trations of what 
was by then a generally admitted proposition: that the forms 
of organic life which had succt'cdcd each other on the earth 
were ])togressive m tharatter. Kvcmi though an exolutionary 
mechanism of progres'-ion w'as not accepted before Darwin, 
the over-all fact of progression was not disputed. The evidence 
had been accunnilaling e\er since William Smith had first 
(lemon stia ted that successive strata are distinguished by spe- 
cific fossil contents and --ince research in paleontology and 
lomparative anatomy had elaborated in enoimous detail the 
knowledge of extinct species And on the interpretative level, 
gc'ologists had begun, though incomjiletcly and with many 
trials and tribulations, to chaw a naturalistic picture of the de- 
velopment of the earth and the physical system of things. But 
unilormitarianism as an attitude toward the course of nature 
could not be carried to its logical conclusion in a theory of 
organic evolution until a formulation sufficiently scientific to be 
comjiclling could attack the idea of a governing Providence in 
its last reluge, the creation of new species, and drive it right 
out of the whole field of natural history. This was one, at least, 
of Darw'in’s accomplishments, one which could not have been 
achieved by a book like the Vc^tigrs of Creation even though 
the descriptive sciences had arrived at a level of understanding 
that could have been advanced only by a valid construction of 
the ideas which Chambers set forth imaginatively.® 
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The conception of providential control over the course of 
nature was closely tied up with the immutability of species, 
the more so since in the 1840’s and iSso’s the creation of new 
races of living things was the one lemaining type of physical 
phenomenon habitually referred to as concrete evidence for the 
continuing action of the Deity. ‘Tf,’‘ wrote Whewell in le- 
sponse to the V(stigcs, “we allow such a transmutation of 
sptdcs, wo abandon that belief in the adaptation of the struc- 
ture of every creature to its destined mode of being, which not 
only most persons would give up with repugnance, but which, 
as we h *vc seen, has constantly and irresistibly im])ressed it- 
self on the minds of the best naturalists, as the true view of 
the order of the world.’’ ^ Paleyism w’as deeply ingrained in 
rhf* thinking of scientists and theologians, and for a long time 
lepre'.^'iitatnei of both had repeatedly been assuring the lead- 
ing public that the Paley argument olteud a fiowcrful, oven a 
neress.sry, suppiort to leligious belief. 

Ihe peivasiveness ot thi-> tradition heljis to account for the 
clerical outcry which greeted Dai win's theory and foi the ini- 
tial hostility of most scientists, because in one sense Darwinism 
is Paleyism inverted. 'Phe adaptation of a s]X‘cies to its en- 
\iionnient and to tlie neces>ities of its e-ci-itence may' be con- 
sidered either as an e\[ilanation of its development or as evi- 
dence of a creative purpose Providence, as Huvley remarked, 
is the theological ec^uivalent ot the scientific conception of 
order.’’ Darwin himself described how. w'hen an undergraduate 
at (’’ambiidge, he did not question Paley’'- premises and. taking 
these on trust, was “charmed and convinced by the long line of 
argumentation ’’ But after he hit upon the law of natural 
•'election, the old argument for de-iign seemed to him to fail. 
“W'e can no longer argue that, for instance, the beautiful hinge 
of a bivalve .shell must have been made by an intelligent being, 
like the hinge of a door by man. There stems to be no more 
design in the variability of organic beings, and in the action of 
natural selection, tlian in the course which the wind blows.” 
Actually, although Darwin did not think so, it might still have 
been ixjssible to interpret the evolutionary process as itself a 
divine program for the development of the world. The idea of 
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God as first cause could perhaps have been fitted into an evo- 
lutionary view of nature, but only at the price of reducing God 
to a remote and impersonal postulate because Darwin’s theory 
was necessarily fatal to the idea of God as craftsman and 
governor. 

From the standpoint of the providentialist interpretation 
of nature, On the Origin of Species was a coup de grace rather 
than an entering wedge. The book represents the final defeat 
of an argument which had begun to run into difficulties as soon 
as the geologists brought scientific method to bear upon the 
development and history of nature. In traditional natural 
theology, scientific method was held to be the means of proving 
(^od’s existence. So skillfully constituted a mechanism as sci- 
ence discovers the universe to be could have come about only 
through the workmanship of an intelligent designer. But at 
the same time, the empirical proof that God was also an active 
force as a moral agent in the universe was derived from the 
supposed necessity of a.ssuming that divine interventions ac- 
counted for the physical phenomena which were inexplicable 
on purely scientific grounds. The proof of the existence of God, 
therefore, was based on what science had accomplished, and 
the proof of His continued activity on what it had not. In- 
evitably this meant that as the .sphere of science expanded, that 
of theology receded: that as more and more events in phy.sical 
history were explained naturally, there were fewer episodes to 
be explained supernatu rally and fewer empirical illustrations 
of God’s immediate control over the material world. 

The role of divine Providence in the course of nature was 
the central issue, to which the question of the relationship of 
scriptural history to natural history, while important, was 
subsidiary. The interjiretative problems were not produced by 
the demands of theologv' against science. Instead, the funda- 
mental and continuing difficulty lay in the persistence of a 
quasi-theological frame of mind within science. From the pub- 
lication of Hutton’s Theory of the Earth in 1795, every inter- 
pretation which marked a definite step forward for the de- 
scriptive sciences touched off the same pattern of religious 
apprehension and disagreement among natural scientists. And 
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after each successive retreat, providential empiricists took up 
positions on new ground, which their own researches were simul- 
taneously cutting out from under them. The issue of aqueous 
versus igneous formation of the earth’s crust had immediately 
brought into question the age of the world. Exploitation of the 
paleontological index had required discussion of the antiquity 
of species. All these things had soon involved the period of 
Noah’s deluge, then its efficacy as a geological agency, and 
finally its very existence. Waning of the flood brought on the 
larger issue of the nature and causation of geological change, 
whether cataclysmic or constant and gradual. Catastrophists 
attempted a last-ditch defense by emphasizing the progressive 
and radical dissimilarity of organic forms. And this, in turn, 
prepared the ground for Chambers’ fanciful answer followed 
by Darwin’s definitive one. 

But it was never a black-and-white picture. The providen- 
tialist’? were themselve,-. respectable and productive scientists. 
.\nd at every stage except the last, progressives admitted that 
a further step, the possibility of which they disavowed while 
they unwittingly prepared it, would indeed have had serious 
implications for orthodox religious fidelity. Playfair, for ex- 
ample. held that Vulcanism did not require a pre-Mo.saic antiq- 
uity of the human species — only if it had, he thought, would 
religious truth have been involved. Townsend, Greenough, and 
Buckland took a .similar position on the deluge and the recent 
appearance of man, while admitting the tremendous age of 
extinct species. Lyell and the uniformitarians, rejecting the 
universal flood and attendant catastrophes, contended that 
they did not touch the only es.sential matters — man’s absolute 
uniqueness, the immutability of other .species, and the separate 
and distinct character of thousands of special organic crea- 
tions.^^ Even Chambers wrote ostensibly to demonstrate the 
immanence and unity of divinely promulgated natural law. 
His view of Providence, however — and this was always the 
difference in emphasis between progressive and conservative 
theorists -- envisioned an original fiat; while Sedgwick re- 
quired a creation resembling an unruly grammar schoo' with a 
divine director who ordered its affairs as would a hard-pressed 
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headmaster. According to this interpretation, supervision — 
though immediate — never quite brought order out of chaos; 
and even when temporary order (the present course of nature) 
seemed to be achieved, it was never an order sufficient unto 
itself. 

In retrospect it is apparent that, although on the surface 
the problems raised by Vulcanism, uniformitarianism, the 
Vestiges, and DarwiiiLsm were not the same, actually the pat- 
tern of reaction was a constant one throughout Behind the dis- 
cussion, therefore, was something more than always met the 
eye: the common tendency of all these theories to remove the 
hand of God from the course of events in the material world, 
ft would, however, be difficult to offer a simple explanation, 
first, of why such a large segment of British opinion was re- 
luctant to accept from the developmental sciences those find- 
ings which seemed to have thi<? implication, and second, of why 
the shrinking scope of supernatural lausation in physical his- 
tory should have been accom|>anied by so much more uneasi- 
ness in Britain than in other countries in the same period 
Nevertheless, it may be worth attempting a few analytical 
suggestions to account for the circumstance that the diminish- 
ing role of Providence was the ultimate issue underneath the 
scientific disagreements described in this book, and this may 
throw some light on their significance as products of the early 
nineteenth -century environment. 

In this connection, the old and somewYvaV 


eralizalion that the English have an innate habit of thinking 
empirically, though it must sometimes be severely qualified, is 
nevertheless substantially correct. Another characteristic dii- 
ferentiating English .society from continental was the degree 
and quality of its religiosity. For a long time in England cm 
pincism and piety reinforced each other. Ever .since Newton, 
to^ PnH V. '**’* ouite a distinctively British approach 

with ^ **laborated in far greater detail and 

w»h w^rh „,oro i,i Brilain than in other com- 

trios. * British ihoohmns and scientists *.n many of whom 
had rested the proof ot tht existence ami at uvitv of God on 
physical evidence, weie. therefore, more distre<.cd than lead- 
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ers of religious opinion elsewhere when the empirical argument, 
instead of leading towards God, began to move, if not away 
from Him, at least in an irrelevant direction. Further, and 
aside from the internal failure of theological empiricism, the 
literal-mindedness and philosophical ineptitude of evangelical 
Protestantism were in part responsible for the idea that natu- 
ralistic theories of the growth of the material world were inimi- 
cal to Christian fidelity. Cardinal Newman’s views on tlie issue, 
for example, were very different from the prevailing Protestant 
attitude. In his opinion — and he was as ho.stile to materialism 
as to liberalism — the facts of science, when the sense in which 
they were to be understood was properly appreciated, had no 
bearing on the spiritual truths or the hislorical authority of 
religion. Newman was highly suspicious of what he called 
physical theology, and though agreeing that the heavens may 
\ery well declare the glory of God. he quoted Bacon to the 
effect that there was no reason for supposing that they also 
declare His will ’ ’ Tn any case, Newman did not rely on astron- 
omy to sustain the faith. 

The theological opposition to Darwin’s theory and the 
earlier travails of geology are often attributed to (wo related 
sources- a belief, first, in both the inspiration and the literal 
sense of the Biblical texts; and secondly, a lequirement that 
man be a unique species, specially created as a vessel for the 
immortal soul which absolutely distinguishes him from all 
other iorms of Vife existent or extinct. If it were simyfiy a ques- 
tion of the reaction of clerical opponent- -*1 science, who pro- 
duced a literature of denunciation, reconciliation, anii exegesis 
which has been excluded from this study, this explanation 
would, on the whole, .suffice. But it does not account fo'* (he 
religious difficulties experienced by scientists then.. ’”«*s, by 
popularizers and theologians of science, and by the more open- 
minded individuals who made up the greats jiart of the edu- 
cated public. And ordained and uninformed critics would prob- 
ably have attracted less attention if they had not had ready to 
♦b ' 'dgarizing hands the contentions of people like Kirwan, 
Biirkland, Si*dgwirk and Hugh Miller. Although ino neat a 
generalization would be erroneous, the arguments of one gen- 
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eration of purely theological disputants more or less reflected 
the interpretation of the obstructionist side in the discussions 
among scientists of the preceding generation. Granville Penn, 
for example, Dean Cockburn of York, and George Fairholme, 
to name three of the opponents of geology in Buckland’s time, 
leveled against the whole of the science — catastrophist as well 
as uniformitarian — arguments very similar to those with 
which Deluc and Kirwan had attacked the Huttonians twenty- 
five years earlier.'^ 

Like other pious people, devout geologists and naturalists 
felt a real reverence for the Bible, but bibliolatry, though it 
may have complicated the difficulties arising from the inter- 
pretation of the geological record, was not the root of them. 
(3n the contrary, after Kirwan, no responsible scientist con- 
tended for the literal credibility of the Mosaic account of crea- 
tion.'® All the people who figure in this book were continually 
uttering solemn strictures lest their clerical detractors en- 
danger the dignity of religion in the fashion of Galileo’s oppo- 
nents. Even the most obstructive scientists insisted that Scrip- 
ture, though undoubtedly inspired, was not designed to teach 
scientific truth, this being a matter which could be discovered 
only inductively upon a basis of observation and experiment. 
They were, to be sure, always pleased to remark upon how 
their painfully pieced together inductions bore out certain 
sweeping generalizations in Genesis. They all agreed that truth 
was one and that its two branches — natural and re\ ealed — 
must eventually coincide. But in order for this happy conclu- 
sion to come about, all serious in ve.sti gators were willing, as 
time went on, to read more and more of the scriptural state- 
ments figuratively, though often only after a struggle. The 
six days became .six indefinite and nearly infinite periods; the 
creation of animal life spread out over the geological time 
scale; the single, cataclysmic flood became first a series of dy- 
namical catastrophes and then a localized, historical event; 
and so on. 

Although a Buckland and a Conybeare illogically regarded 
the historical universality of a deluge as indispensable, this did 
not mean that they were fundamentalists because, at the same 
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time, they took the six days allegorically and rejected the 
Mosaic chronology for dumb animals. And, when inescapably 
put to it, they found themselves able to use the recent appear- 
ance of man instead of the flood as the great, confirmatory 
bridge between the two histories, natural and revealed. When 
Sedgwick abandoned the Biblical flood as a primary geological 
agency, he was far from giving up his belief in the necessity 
for catastrophes produced by divine intervention. Daubeny 
interpreted deluges resulting from volcanic upheaval as evi- 
dence of God’s controlling hand, but he did not insist upon 
identifying them with the Biblical flood. Catastrophists were 
clinging to the idea of a particular Providence in nature and 
not simply to the Bible. And before Darwin’s time, a succession 
of obstacles were overcome, which, though they certainly 
weakened the providential and teleological pattern into which 
.science was fitted, did not yet shatter it. 

Xor does it meet the case to turn for an explanation of the 
continuing difficulties in interpreting science to the necessity 
that species be immutable lest man be di'?possessed of his 
distinguishing raison d'etre, his immortal soul. Mutation of 
.species was not seriously under discussion before 18.44, and 
not seriously in prospect until 1859— nowhere, that is, except 
in Darwin’s immediate and restricted circle. No one rejected 
mutability more uncompromisingly than Lyell at the time when 
he himselt was the chief object of clerical attack, fn general, 
Lamarck was classified with the visionary speculations of a 
bygone age, and no more thought to be dangerous than 
Whiston, or Buffon, or even Lucretius. Until the final (pisode, 
then, it was impossible for the common descent of species to 
have given rise to a spiritual concern for the Christian life after 
death, and for this to have harassed .scienti.sts from within 
their own ranks. Moreover, as has been pointed out, with the 
exception of Hugh Miller, the recalcitrant scientists in each 
stage of the discussion professed a rather unspiritual view of 
religion. 

The interpretative disagreements in the sciences dealing 
with time and life are not, then, to be explained on the grounds 
either of a purely religious respect for the Biblical narrative 
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for its own sake, or of an insistence that the spiritual integrity 
of the human species depends on man’s having originated in 
something like an immaculate conception. These two points, 
whether taken singly or together, do not account for the per- 
sistence of the pattern of controversy even though they were 
involved in the discussion and were, no doubt, responsible for 
much of its fervor. Neither, until Darwin, did the issue present 
itself as an attack on teleology and the idea of final cause in 
nature. Indeed, it was always the argument of progressive sci- 
entists that their hyjwtheses contributed more powerfully to 
an exalted understanding of the omnipotence and omniscience 
of a Creator whose initial design was sufficient for all His pur- 
poses than did the Neptunist and catastrophist effort to cast 
the world into the bosom of an uncertain and ubiquitous Provi- 
dence. The doctrine of final cause was attacked by no one. The 
trouble was not that progressives themselves rejected the idea 
of purposeful design, but that their opponents instinctively felt 
that eliminating prcn idential direction would lead in that din*c- 
tion. If material phenomena are sufficiently explained by natu- 
ral causation, the argument for design might be strengthened, 
but the evid(;nce of control would be weakened. And in the 
nineteenth century, unlike the eighteenth century, orthodox 
natural theology was more interested in control than design 
It was chiefly on this account that Huttonian and uniformi- 
tarian theories were suspeit. And, on the popularizing level, 
Combe and ('hambers were attacked, not because they im- 
pugned the divine character of the physical universe, which, in 
fact, they were attempting to illustrate, but because they held 
that tlod's Providence, in the social and moral as well as in 
the organic and inorganic .spheres, was a system of unvarying 
law. and that Hod never interfered in its working. 

The movement for popularization of science and the cult 
of useful knowledge, which were pu.shed so enthusiastically in 
all this period, sprang not only from a desire to disseminate 
enlightenment for its own sake, but also from a conviction of 
the necessity that the people at large should appreciate the 
immanence and understand the dictates of material Provi- 
dence. Almost to the middle of the century, one of the chief 
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modes of publicizing scientific discovery and theory, at least 
in the descriptive branches, was in the guise of natural theol- 
ogy. And the principles, of behavior and morality preached in 
this literature were those of the utilitarian social philosophy, 
backed up by a providential sanction read out of the course of 
nature. The Bridgewater authors frequently represented the 
Malthusian population doctrine as a particularly happy illus- 
tration of the workings of God’s Providence, so that in the 
eyes of this school the trouble with Darwinism was not simply 
that it pictured nature as red in tooth and claw. It will have 
been not'ced how largely, in the years before Darwin, the 
fancied social implications of development, and earlier of a 
uniforniitarian or Huttonian earth history', contributed to the 
in■^tin^tive aversion of the antagoni.sts of the.se ideas. They 
feared that if God’s role as an immediate, if occasiontil. ad- 
'U'.tei of the material world was whittled away, He would also 
be displaced as a governor of its inhabitants There is no 
reason to suppose that opponents of naturalistic theories of 
progression were insincere in their anxiety for morality and 
religion But it is apparent that, as often happens, they iden- 
tified these with their concern for the structure of the social 
complex in which they dwelt, and with which all of them were 
well .satisfied, and that they felt two things; that the stability 
01 society not only depended ujwn, hut was justified by, the 
direct and immediate attention of a Providence whose arrange- 
ments could be empirically demoii'.t rated in the physical uni- 
verse: and that its stability depended also upon a general con- 
viction that this was the case. 

It would, however, do violence to the motives of advocates 
of catastrophist interpretations to infer from their social ideas 
that they had conceived their doctrine in the interests of the 
ruling classes in order to publicize it as a sort of scientific 
opiate of the peojrlc. Plekhanov once claimed Lyell as a geolog- 
ical forerunner of dialectical materialism,'' but a simple eco- 
nomic explanation of the conflicting attitudes towards God’s 
place in the development of the physical universe would be too 
neat. Although providentialists seemed to fear that the whole 
framework both of nature and of the civil order would dis- 
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solve unless held together by the hand of the Deity, there was 
not actually much difference between their social philosophy 
and that of their critics. Publicists like Combe and Chambers 
derived practical precepts from a uniformitarian view of na- 
ture very like the ones which Buckland and Miller described 
as the dictates of an immediate Providence. And eventually 
Darwin would prove as useful to rugged individualism as 
Providence. 

The most that can be said is that the political opinions of 
providentialists were a continuation of Paley’s utilitarian con- 
serv'atism, whereas the social applications of scientific pro- 
gressivism reflected Bentham’s utilitarian radicalism. Both 
were utilitarian, however; and it is not, after all, surprising or 
necessarily Marxist to find that in a pious and bourgeois en- 
vironment the lessons of science should be interpreted in a 
pious and bourgeois fashion, and that this should have injected 
extra-scientific considerations even into the professional dis- 
cussion of .scientific theories. Applied science obviously lay — 
or could be described as lying — at the basis of England’s 
unique capacity for manufacturing, a capacity which carried 
with it social stresses also unique to England This is undoubt- 
edly related to the curious fact that, as Herr Schbnbein re- 
marked, “tlie English have a peculiar love of regarding Nature 
from a theological point of view,” 
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What follows makes no claim to being a complete bibliography 
of the history of geology and the related sciences or of natural 
theology in Britain. It may, however, be useful as a guide, and it 
will facilitate critical discussion to arrange the sources topically rather 
than alphabetically by author. In order to avoid overlapping. I cite 
each tdle in full only once, although this involves some arbitrary 
classification. The bibliography is not so large that anyone will have 
difficulty in finding any particular authoi , and since the index covers 
the bibliography as well as the text, it may be used to locate all 
the citations to each writer. It will be convenient to take up first 
the works which are of value bibliographically and other .second- 
ary authorities which I have found helpful. Biographical and auto- 
liiouraphical literature comes next, followed by a descriiition .of the 
(ontemporary materials on which this study is primarily based: works 
on naiuial theology, natural science, popular .science, education, and 
other .social and political topics; and, finally, periodicals. 

I. .ShCONDAKY MaTI.RIALS 

There is no bibliography de.aling with the history of geology as 
such. The neare.st thing to it is Emmanuel de Margerie, Caialot’ur dcs 
bibliof^raphics ^eoloifiques, redige aver Ic rancours dcs numbns de 
la Commissinn Biblioi;raphi(jue du ionvrh \Grologujt4C Interna- 
tional] (Paris. j8c) 0). This work, though intended for the geologist 
and not the historian and designed as a catalo, ue of published biblio- 
graphical sources rather than as a bibliography of geologi('<d litera- 
ture. is .so thorough that it is ptobably the best starting point both 
for early nineteenth-century geology and to .some extent for the allied 
sciences Margerie lists references to 1.895. The work was continued 
by Edward B. Mathews as Catalogue of Published Bibliographies in 
Geology, iSg6-iQ20, no. ^6 of the Bulletin of the National Research 
('ouncil, vol. 6. pt. 5 (Washington, 1923), which, however, is of little 
use for the period covered by this study. 

The rather slim secondary literature dealing with the history of 
geology is covered in the seventy-three critical bibliographies pub- 
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lished in his, volume T (1913-14) through volume LX, number 120 
(May 1 949). Though a few earlier items are noticed, these indis- 
pensable bibliographies are exhaustive only for materials which were 
published between the birth of his in 1913 and November 1948. 
George Sarton, “La Synthese Gwlogique de 1775 a 1918,” his, 11 
(1914— 1919), 357 -394. though its chief emphasis is on the work of 
Suess, includes a limited number of bibliographical references for 
the history of geology. 

Seveial older works should also be mentioned. Robert Watt. 
Bibliolhera Britannica; or, A General Index to British and Foreign 
Literature (4 vols ; Edinburgh. 1824). is the work of one man and is 
necessarily incomplete, particularly in its subject index, but it is 
useful nevertheless The second volume of Thomas Young, A Course 
of Lafures on Natural Philosophy and the Mechanical Arts (2 vols.; 
London, 1807), includes a “catalogue of references” which is, in 
effect, a bibliography of natuial philosojihy to 1805. The most satis- 
factory one-volume history of geology is Karl von Zittel, History of 
Geology and Paleontology, translated by Maria M. Ogilvie-Gordon 
(London, looi), but it !*• of only limited bibliographical value 
V'konite Adolphe d’.^rchi.K Ilistoin dts progth de la gtologit de 
rSy d iS ft; (S vols in 0, fails, 1847 i860), a work which changed 
the linal date in its title while it was in progress, extending down to 
1850, gives an extensive listing of publications for the period it covers 
but with emphasis on Trench authors; and Charles Sainte-Claire 
Deville, Coup d'oiil historiquc '•ur la geologic it sur Ics travaux d'PJie 
de Beaumont (faiis, 1878), though it include" a liibliography on 
pages 58^ 507, IS no luoie than the title implies and emphasizes Clie 
de Ikaumont rathei than geology. Christian Keferstein, Geschichte 
unu Littiratur dei Ceognosie (Halle. 1840), has an enumeration 
of books and memoirs for the petiod from 1820 to 1840, and Fried- 
rich Hoffmann, Geschuhtc der Geognoste, und StliUdcrung der vul- 
kamsihen Ersi heinungen (Berlin, 1838), refeis to some earlier works 
not mentioned elsew’here. 

The English, chaiacteristically, have not been so diligent biblio- 
grapliically as (he French and the Germans. George Wareing Ormerod 
edited A Classified Index to the Transactions, Proceedings, and Quar- 
terly Journal of the Geologual Soiiety of London (2d ed.; London, 
1870), covering all the memoirs and notices to the end of 1868. The 
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references in Sir Archibald Geikie’s charming The Found cn of Geol- 
ogy (ad ed.; London, 1905), are helpful for the early century. The 
notes in Frank D. Adams, The Birth and Development of the Geo- 
logtcal Sciences (Baltimore, 1938), are of too .scattered and incom- 
plete a character to be as useful as could be wi^hed. Kirtloj F. Mai her 
and Shirley L. Mason (eds.), A Source Book in Geology (N'ew Yutk, 
1039), contains key excerpts from the work of the great men in the 
science. Finally, the references in two general works are a rich and 
indispensable bibliographical mine, and not only for the history of 
geology: Andrew D. White, A History of the Warfare of Science 
with Thec'fogy in Christendom (2d ed.; 2 vols.. New V(»ik, igoi). 
and D. U. Zdckler, Geschichte det Bizie hungen zwnchen 'Ihcologie 
und Naturwisscnschaft. mit hesondrer Ruckiiiht aid Sdiopfungs- 
geSikichte (2 vols., Gutersloh 1877 -1870). John F. lulton h,i-> 
li^hed ‘A Bibliography of the Honourable Robert Bo3'le,’ Piocadings 
und Papers, Oxford Bibliographical Society, vol 111 (u)<i ), ]>t f. 

Recent publications bearing upon the historv of geolog} are 
trank IL Adams, ‘ The Scottish Srhool of tJeologc, ’ Sciinct, LXXX 
( iQUl) 3bS-^b8, H. Hamshaw Thoma'>, ‘ The Ri.se of Geology and 
u'' Inlluence on Contemporary Thought,” ot Stu nie,Y (1041- 

19471, 325-^41; and F. Sherwood Tajlor, ‘‘Geology ('hanges the 
Outlord., ’ in Ideas and Beliefs of the Vhtorians (London, 1949). 
pp 189-196. The general history of .science in the peiiod is coveted 
by Sir Wdliam C. Dampier, A History of Sdtiue and its Relations 
uith Philosophy and Religion (3d ed.; c'amiiridge, Pngland, 1943), 
a book which docs not accomplish all that its title implies. Mi« h 
more provocative, though not a history, is Alfred North Whitehead, 
Science and the Modern World (New York, 1927 1. Though super- 
seded as a history, William Whewell, History of the Indue live Sei 
dices (3 vols.; London. 18,^7), gives a u.seful contemporary account 
of inan.v of the issues which concern the present study. Robert H. 
Murray, Science and Scientists in the Nineteenth Century (London, 
192 5I, has chapters, none of them entirely satisfactory, entitled 
‘ Ljell and Uniformitarianism,” “The Precursors of Darwin,” and 
‘‘Darwin and Evolution.” Biologj', more fortunate than geologj, has 
found excellent historians in Gharles Singer The Storv of Living 
Things; A Short Account oj the Evolution of the Biological Sciences 
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(New York and London, 1931) ; and Erik Nordenskiold, The History 
of Biology, a Survey (trans. Leonard B. Eyre; New York, 1928). 

A starting point for the history of scientific organizations is 
Bernard H. Becker, Scientific London (London, 1874), a handy sur- 
vey, though its historical content rests on current tradition rather 
than research. Abraham Hume and A. I. Evans, The Learned Societies 
and Printing Clubs of the United Kingdom (London, 1853), is little 
more than a catalogue. Most of the histories of particular organiza- 
tions are labors of love rather than of critical scholarship. An excep- 
tion is Dorothy Stimson, Siientists and Amateurs: A History of the 
Royal Society (New York, 1948), which, however, is a little thin 
for the nineteenth century, for the early part of which period Charles 
Babbage, Reflections on the Decline of Science in England and on 
Some of its Causes (London. 1830), is .still illuminating Thomas 
Sprat, The History of the Royal Society of London (London, 1607), 
IS valuable not only lor the foundation but for the .scientific atmos- 
phere of the period. Horace B. Woodward, The Histotv of the 
Geologual Soiicty of London (London. 1007), is somewhat fulsome 
Other organizational hi.stoues arc: Henry F. Berry, A IHstmy of the 
Royal Society 0) Dublin (London, 1915); Sir Henry T. Wood, A 
History of the Royal Society of Arts (London, 1913); O J. R. 
Howarth, The British iwodatioh for the Advancement of Science: 
A Retrospect, i Sji-iqji (2d ed.; London, 1931 ) ; Robert S Watson, 
The History of the Litetarv ami Philosophical Society of Newcastle- 
upon-Tyne (Loudon, 1897). Henrj’ Bence Jones. The Royal Institu- 
tion: Its Founder and its First Piojissors (London, 1871). goes 
through the professorship of Davy, whom the author tries to remove 
from Fataday’s shadow. It m.iy be supfilemented by Thomas Martin, 
The Royal Institution (rev. ed., London, 1948). and by The Prospec- 
tus, Charter. Ordinance, and Bye-Laws of the Royal Institution of 
Cheat Britain (London, 1800). 

Readers of Elie Halcvy will peiceivc how much my inteipretation 
of the social and intellectual backijround owes both to his Growth of 
Philosophic Radicalism (trans. Mary Morris; London, 1928), and 
to his History of the English People in the Nineteenth Century (trans. 
D. A. Barker and E. I. Watkin; 4 vols.; London, 1924-1947), A 
work of more modest compass, but one which has a number of useful 
insights into the popular movements of the 1830’s and 1840’s, is 
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R. L. Hill, Toryism and the People (London, 1929). W. E. H. Lecky, 
A History of England in the Eighteenth Century (8 vols,; New York, 
1891), is still the most considerable thing on that period. Lecky’s 
enthusiasm and hopes for rationalism in History of the Rise and In- 
fluence of the Spirit of Rationalism in Europe (2 vols.; London. 
1865) now seem rather dated. The same is true of A. W. Benn, The 
History of English Rationalism in the Nineteenth Century (2 vols.; 
London, 1906), a somewhat ill-tempered and disappointing book. 
Leslie Stephen. The English Utilitarians (3 vols.; London. 1900), 
has a discussion of Paleyism and touches on some other topicj treated 
in the prerent book. Stephen’s other major work, History of English 
Thought in the Eighteenth Century (3d ed.; 2 vol.<5.; I,ondon. 1902), 
may be supplemented by Basil Willey, The Eighteenth Century 
Background : Studies on the Idea of Nature in the Thought of the 
Period (London, 1940), which treats scientific ideas from a literary 
fioint of view. 

Besides the general intellectual histories, there ate .several relevant 
studies of particular topics or ideas. G. V. Plekhanov, F.ssays in the 
History of Materialism (tran.s. Ralph Fox; London, 1934), alludes 
to what the author considers the contribution made by geology to 
dialectical reasoning. Early opinions on the habitability of the solar 
system are described by Grant McGolley, “The 17th-Century Doc- 
trine of a Plurality of Worlds,” Annals of Science. 1 (1936), 385- 
430; and Katherine B. Collier, Cosmogonies of our Fathers (New 
York, IQ34), outlines the major systems of cosmogony proposed in 
the seventeenth and eighteenth centuries. The most .sati.sfactory ac- 
count of education is John W. Adamson, English Education, 1780- 
iQoi (Cambridge, England, 1930). Archibald E. Dobbs, Education 
and Social Movements, 1700-1850 (London, 1919). does not live up 
to its title, and Dorothy M. Turner, History of Science Teaching in 
England (London, 1927), excellent a.« far as it goes, is very brief and 
suioptic. !My essay, “English Ideas of the University in the Nine- 
teenth Century,” appeared in The Modern Umve.rsity (ed. Margaret 
t'iapp; Ithaca, N. Y., 1950). 

1 have not attempted to read the enormous quantity of books, 
mostly of the late nineteenth century, on the general subjects of 
natural theology and of science and religion, which are to be found 
on the shelves of any large library; nor would it serve any purpose 
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to list all those which I have examined. However, a few which are 
likely to prove useful to anyone interested in the question should be 
mentioned. On natural theology, a subject somewhat neglected by 
recent scholars, there are Clement C. J. Webb, Studies in the History 
of Natural Theology (Oxford, 1915), and Charles de Remusat, 
Philosophic religieuse dc la thMogie naturelle en France et en Angle- 
terre (Paris, 1864). John W. Draper. A History of the Conflict be- 
tween Rdigion and Science (Now York, 1875} should be read with 
White and Ziickler — Draper is more extreme than White. Thomas 
Henry Huxley, “The Lights of the Church and the Light of Science,” 
in Siicnie and Hebrew Tradition, volume VI of Collected Essays 
(New York, 1894I, gives a highly colored account of the influence 
of the flood and of thefjlogical obscurantism in general after 1830, a 
subject to which he recurred in many other essays, paiticularly those 
in Darwiniana, which forms volume IT of the same edition. 

Two special topics which have received extensive treatment by 
modern scholars aie the encouragement affoided to science by Puri- 
tanism and the background of Darwin’s theory of evolution. To take, 
in the first place, the question of Purit.anism and the “new philo.s- 
o})hy,” the two standaul monographs, wiitten indei>endently of each 
other, are Richard F. Jones, Ancients and Moderns: A Study of the 
Background of the Battle of the Books, Washington University 
Studies, new scrubs. Language and Literature, no. 6 (St Louis, Mo., 
ifj36), ,snd Robert K. Merton, Science, Technology, and Society in 
Seventeenth Centuiy England, vol. IV, pt. 2 of Osiris Studies on 
the History and Philosophy of Scietu r, and on the History of Learn- 
ing and Culture (Bruges, Jones w’rites from the point of view 

of intellectual history and is concerned to establish the thesis “that 
the quarrel out of which Swift’s satire sprang had its roots in the 
conflict between the new science and the old learning, and not in 
France” (p. vii') He lays great stress upon the influence of Bacon 
and upon Pwitaii utilitarianism. Merton, on the other hand, writes 
as a sociologii.t and employs the techniques of cultural analysis. In 
a sense, this results in an api»lication to science of the Weber thesis, 
for which see Max Weber, The Protestant Ethic and the Spirit of 
Capitalism (tians Talcott Parsons; London, 1930). Merton’s inter- 
pretation is jisychological rather than intelJectuaJ, and be emphasizes 
the Puritan doctrine of the vocational calling and the idea that experi- 
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ments were one way of glorifying God through works. Merton regards 
the Puritans as integrating their theology and their science; Jones 
interprets the relationship rather as a parallel one. The two books 
LOinplement each other in an illuminating fashion. For the differences 
iielween them, see Jones’s review of Merton, I.\is, XXXI (19^0-40), 
4^8-441, and Merton’s review of Jones, Isis, XXVI (iq^6). 171 172. 
Three shorter studies on the .same or related topics have Ireen juib- 
lishcd in Till' Bulletin of the Ui\tory of Medic im • Doiothy Stiinson. 
Puritanism and the N<‘w Philo'^ophy.” 111 (10^5^, 32 1-3 ui Walter 
I’agel. “Religious ^Motives in the Mediial Kioloc\ of the Sevnteenth 
( entury.” Til (1935), 07-128; and George Ro,en, “Le!l-Wing Puri- 
t.uusin and Science.’’ XV (1944), .375-380. One fuithei ailicle I's 
loeful: R. P. Stearns, “The Scientific Si»irit in Fngland, ’ Ao'v, 
XXXIV (1042-4 3I, 203-,, 00. 

There is a laige liteiature dealing with evolutionaiy thought 
‘ii'fore I)ar\\in The most general criliciMii to be applieil to m»Nt of 
these Studies .seems ti) me to bo theii tailuro to retkon with a problem 
which arists m any attempt to abstrart a given klea (lom its suc- 
f‘ssi\e etuiroiiineiits in order to trace its (ouise ove: a loiu’ peiiod 
111 time. The difficulty is mote than a matter of .semantics ovei a 
Aot(< like “development” or a phiase like “natural '•election, ' be- 
ause the tendenej always is to take not only wotd^ ami jihrases 
hut loruepls as meaning, if not the .same, at least compaialile things 
ill the contevt of different ages. As compared to nineteenth-i entury 
thought and .siience. however, the whole idea of the evolution of am'- 
r'lal life would have had such different impliiations foi (iieek or 
p.iliistic or thirteenth-century or even — though to a much .smaller 
degree — lor eighteenth-century thought and si fence, that I questiot. 
wliethei any such ideas aie fully comparable as between different 
periods, or whether it has much meaning to tiace them alistracted 
trom their cultural surroundings. Hut liowever this may be, the 
following, though not an exhau.stive listing, should .scivo as an intro- 
duction to the literature dealing with the theoiies held bv eaily 
evolutionists and the value of those theories in the light of modern 
knowledge. 

Daiwdn himself prefaced the later editions of On the Oritiin of 
Is penes with a not very appreciative resume of the work of .s'«me of 
his predecessors. More valuable for the immediate background is 



236 BIBUOGRAPHICAL ESSAY 

Huxley’s history of his own opinions, published as chapter juv, en- 
titled “On the Reception of The Origin of Species,” in Francis Darwin, 
Life and Letters of Charles Darwin. There is a comparison of the 
ideas of Erasmus Darwin with those of his grandson in Ernst Krause, 
Erasmus Darwin (trans. W. S. Dallas; New York, 1880), to which 
Charles Darwin prefixed a biographical memoir which ought to dis- 
pose of the charge by Jacques Barzun in Darwin, Marx, and Wagner 
(New York. 1941) that Darwin was jealous of Lis grandfather. 

Isidore Geoffroy Saint-Hilaire, Histoire naturelle gin 6 rale des 
rigncs organiques (3 vols.; Paris, 1854-1862), includes in volume II 
(pp. 365-429) a history of opinion (chiefly French opinion) on the 
definition of species and the question of fixity versus variability. 
Henry F. Osborn, From the Greeks to Darwin (3d ed.; New York, 
1929), was a pioneer study in its first edition (1894). but is now 
hugely superseded. Many of Osljorn’s interpretations are corrected 
by Arthur O. Lovejoy, “Some Eighteenth Century Evolutionists,” 
The Popular Science Monthly, LXV (1904), 238-25T, 32^-340. In 
the same journal, lx)vcjoy’s “The Argument for Organic Evolution 
before ‘The Origin of Species,’ ” LXXV (1909), 499-514, 537-549, 
is an excellent article with which, however, I disagree on a few minor 
points (see]) 2SX,n 39 p 301,11 6) • and his “Buffon and the Prob- 
lem of Species,” thtd , LXXIX (1911 464-473, 554- 567, does not 

seem to have carried later writers with him in excluding Buffon from 
the rallies of thoioughgoing evolutionists Whether it should have done 
so, I am not in a position to say. J.-L. de Lane«san ‘‘L’Altitude de 
Darwin a I’egard de ses predecesseurs au sujet de I’ongine des 
esfieces,” Anthropologiquc.X.X.l\ (1914) >3 45, contends — 
a little pati iotically - that most everj'thing in Darwin is to be found 
in Buffon and Lamar«,k, hints that Darwin’s disdainful attitude 
toward his piedecessors was calculaleil to contoal this fact, and sug- 
gests that Darw'in overemphasized the importance of his only real 
contribution, the struggle for existence. An altogether better discus- 
.sion is Pierre Brunet, “La Notion d'evolution dans la science moderne 
avant Lamarck," Archeion, XIX (1937), 21-43. 

Two authoritative studies by Conway Zirkle trace the history of 
concepts regarding the mechanism of evolution: ‘‘Natural Selection 
before the ‘Origin of Species,’ ” Proceedings of the American I^hilo- 
sophical Society, LXXXIV (1941), 71-123, compiles views held on 
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natural selection from Empedocles to Darwin; and “The Early His- 
tory of the Ideas of the Inheritance of Acquired Characters and of 
Pangenesis,” Transactions of the American Philosophical Society, 
XXXV (1946), 91-151, shows that the first of these ideas had a long 
and honorable history and was so widespread that it was practically 
an assumption when Lamarck applied it to explain his theory of 
evolution ; whereas the idea of pangenesis, adopted by Darwin as the 
mode by which characteristics are inherited, can also be traced from 
ancient times, although it never went unchallenged and is, of course, 
rejected by modern thought. 

Nils von Hof.sten, ‘‘From Cuvier to Darwin,” Isis, XXIV’ (1935- 
30), 301-306, is concerned chiefly with outlining the difference in the 
ap|)r»aches to comparative anatomy of Cuvier on the one hand and of 
Cicoffioy Saint-Ililaiie and the .school of Natur philosophic on the 
othei. This is the summary of a paper in Nordisk Tidskrift (1922). 
On thi'' subject, .see also J. Chaine, “La grande epoque de I’anatomie 
lonij/arte,” Sciciitia. L (1931), 365-374: Isidore Geoffroy Saint- 
Hil'iire, l’i( , travaux, et doctrine scientifique d'Eticnnc Geoffroy 
Saint-IIilaitc (Strasbourg, 1847); and T. II Huxley, “Owen’s Po.si- 
lion in the Hi.story ol Anatomical Science,” in Richard Owen, The 
f.iti of Richard Owen. 

.Vs to non-evolutionary views on the oiigin of species, the mo^'t 
important work by fai i.s Arthui O. Lovejoy’s distingui.shed and stimu- 
lating book, The Gfcai Chain of Being (Cambridge, M.iss.: Harvard 
I niver.sity Press, 1936), which is cs.scntial reading for anyone inter- 
ested in the history of theories of organic nature, although it is 
( onterned less with the progre.s.s of science than with the influence 
ami persistence of the ancient prim iples of plenitude and continuity 
III nature, which began to lose currency at the end of the eighteenth 
century Nils von Hofsten, “Ideas of Creation and Spontaneous Gen- 
eration prior to Darwin,” Isis, XXV (1936), 80-94, .outlines the 
history of the conception of special creations. He seems to me to be 
mistaken in describing Lyell as a reluctant rather than a firm adherent 
of the doctrine of special and successive creations in the i. 830*8, but 
this is only the abstract of a longer paper which I have not seen, 
‘“'kapelsetro och Uralstringshypoteser fore Darwin,” Uppsala Uni- 
versitets Arsskrift (1928). Zcickler gives the fullest account I have 
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found of the interpretative vicissitudes undergone by the Biblical 
creation story. 


2. Biographical Sources 

The articles on men of science in The Dictionary of National 
Biography are, in general, excellent. Besides this standard work of 
reference. 1 have used a fairly large amount of biographical material, 
which falls naturally into two main categories. On the one hand, the 
formal biographies, biographical articles, and studies of the work 
of particular individuals, are essentially secondary sources. On the 
other hand, there are the older publications — the typical Victorian 
Life and Letters is the most familiar example — which consist chiefly 
of published correspondence and diaries and which have, therefore, 
something of the value of iriimaiy and contemporary sources. 

There do not happen to be any very notable contributions to the 
art of biography among works which I have classified as secondary. 
Edward .Smith, 7 Ac Life of Sir Joseph Banks (London, 1911), de- 
scribe's Banks's administration of tbe Royal .Sctciety in the late eight- 
eenth and early nineteenth centuries. Sir William Ramsay, The Life 
and L(ften of Josfph Black, M D (London, 1918), is disappointing 
Much nioie illuminating i.s E. W. J Neave, ' Joseph Black’s Lectures 
on the Elements of Chemistry,” Jets, XXV (19^6), 372-390. hfenry. 
Lead Brougham, J.k'es of the Philosophers of the Time of George III 
(London, 185s), volume f of the author's Works, is more interesting 
for Brougham than for the philosophers. F. J. North, “I’aviland Cave, 
the ‘Red T.,ady,’ the Deluge, and William Buckland,” Annals of 
Science, V ( 1041 - 1947 ), 91- 12S, based partly on unpublished cor- 
respondence. throws a number of sidelights onto the vogue of geology 
in the tS2o’s. J. Wilson Harper, The Social Ideal and Dr. Chalmers' 
Contribution to Christian Economics (Edinburgh, 1910), is (.so far 
as I know') the only modern study of a very interesting figure who 
w.'ouId probably lejiay further research. 

The best of several biographies of Dalton is Edward M. Brock- 
bank, John Dalton (Manchester, 1944). Hesketh Pearson, Dr. Dar- 
win (London, 1930), is a mildly entertaining but not a penetrating 
treatment of the elder Darwin. R. T. Gunther, The Daubeny labora- 
tory Register (3d printing; O.xford, 1924), is a compilation of records 
with some biographical information on Daubeny. Sir Thomas E. 
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Thorpe, Humphry Davy, Poet and Philosopher (New York, 1896), 
IS slight and uncritical. James G. Crowther, British Scientists of the 
Nineteenth Century (London, 1935), attempts to consider Davy, 
Faraday, Joule, Thomson, and Clerk Maxwell, not only as scientists 
but as sociological and psychological .specimens. Silvanus P. Thomp- 
son. Michael Faraday, His Life and Work (London, 1901). relates 
its subject to his w’ork better than most of these biographies. Sir 
hdmund W. Gosse, Father and Son, a Study of Two Temperaments 
(gth ed.; New York, 1925), describes the unsucce.ssful and rather 
p.athetic efforts of a mediocre naturalist to force both his son and his 
researches into conformity with his religion. A. E. Clark-K^nnedy. 
Stephen Hales, D.D., F.R.S. (Cambridge, 1929), gives an excellent 
.ii'count of the eighteenth-century background. Constance A Lub- 
bock, The Herschcl Chronicle: The Life-Story of William Ilrrsrhel 
and his Sister Caroline Herschel (Cambridge, f.ngland, 1033), and 
( J. Ducasse, “John Herschel’s Philosophy of Nature,” Sfudie's in 
the Iliitory of Culture (American Council of Learned Societies; 
Me iidsha. Wis , 1942!, treat the work of this remarkable family. 

J Reilly and N. O’Flynn, “Richard Kirwan, an Irish Chemist of 
the Eiuhteenth Century," Isis, XIII (1929-30) 298-319, is a useful 
aiipiaisal of Kirwan as a chemist, but the authors do not emirhasize 
'1.' geological aberrations. William K. Leask, Hugh Mtller (Edin- 
burgh. i8q6) , i.s a patriotic book. William A. Knight, Lord Monboddo 
end Some of His Contemporaries (London. 1900), prints some of the 
' oriespondence of le.ss familiar figures of the eighteenth century. 
Grihem Wallas, The Life of Francis Place (3d ed.; New York, 1919), 
includes some information on the Mechanics’ Institutes and related 
movements. Anne Holt, Joseph Priestley (London, 1931), treats her 
saltject as a theologian; Sir T. E. Thorpe, Joseph Priestley (New 
Yoik, 1906), views him as a scientist. There is an interesting account 
of Benjamin Silliraan’.s travels in England and of his acquaintance- 
ship with the English geologists in John F. Fulton and Elizabeth H. 
Thomson, Benjamin SUliman, 1770-1864 (New York, 1947). T. 
Sheppard, “William Smith, his Maps and Memoirs,” Proceedings of 
the Yorkshire Geological Society, XIX (1917), 75-253, is an ex- 
haustive description of Smith’s work and publications and includes a 
.sketch of his life and a bibliography. There exists a biography of 
V/erner by Richard Beck, Abraham Gottlob Werner (Berlin, 1918), 
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but I have not been able to find a copy of it. Marion R. Stoll, 
WhewelVs Philosophy of Induction (Lancaster, Pa., 1929), is less 
biographical than analytical. 

A number of short biographical or critical articles are also useful: 
Charles F. Mullett, “Charles Babbage: A Scientific Gadfly,” The 
Scientific Monthly, LXVII { 1948), 361-371 ; Benjamin Spector, “Sir 
Charles Bell and the Bridgewater Treatises,” Bulletin of the History 
of Medicine, XII (1942), 3.14-322; D. W. Gundry, “The Bridge- 
water Treatises and their Authors,” History, XXXI (1946), 140- 
152; F. J. North, “Geology’s Debt to Henry Thomas de la Beche,” 
Endeavour, III (1944). 15-19; E. B. Bailey, “James Hutton: h’ather 
of Modern Geology, 1726-1797,” Nature, CXIX (1927), 582; V. A. 
Eyle.s, “James Hutton (1726-1797) and Sir Charles Lyell (1797- 
1875),” Nature, CLX (1947), 094-695; M. MacGregor, “James 
Hutton, the Founder of TModern Geology,” Endeavour, VI (1947), 
109-Jir; V. A. Eylcs, “John Macculloch, F.R.S., and his Geological 
Map: An Account of the First Goologkal Survey of Scotland,” Annals 
of Science, II (1937), 114-129; W. T. Gordon, “William Hyde 
Wollaston,” Nature, ('XXXIV (1934). 80-87. 

In nineteentli-< entury Britain, a man had to he fairly obscure 
not to leave behind a two or more volume Life and Letters or Memoir, 
shepherded through the press by a dutiful .son, daughter, or protege, 
whose own contribution to the liook was seldom more than a thin 
mortar of narrative holding together thick chunks of correspondence 
and diary. Very few of these works have any merit beyond the 
printing of sizable amounts of the subject's private papers, but since 
they do this at length, they are often more valuable sources of in- 
formation than the run-of-the-mill biography, in .spite of the fact 
that the index, organization, and standards by which the material 
was ,selected are generally very deficient if not wholly lacking. The 
authors seldom had the will or the skill to stand between their readers 
and their subject, and the chief difficulty with these books is not 
what is in them, but that we do not always know what was left out. 
Some of these works, of course, are intrinsically much better than 
others. The individual items do not require critical discussion, how- 
ever, and the scope of the literature will be apparent from a listing 
of the titles, arranged alphabetically by subject, with occasional 
comments. In this section, too, are included a number of titles which, 
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though not falling into the pattern just outlined, may be described as 
primarily autobiographical, as contemporary in their outlook, or as 
partaking of the character of memoir rather than biography: 

Elizabeth C. Agassiz, Louis Agassiz, His Life and Correspondence 
(2 vols.; Boston, 1886); John G. Godard. Gcotge Birkbcck, the 
Pioneer of Popular Education (London, 1884); Thomas Biich, The 
Life of the Honourable Robert Boyle (London, 1744); Anna B. 
Gordon, The Life and Correspondence of William Buckland, D.D.. 
F.RS. (New York, 1894); George Wilson, The Life of the Honour- 
able Henry Cavendish, Including Abstracts of His more important 
Sdcntific Papers (London, 1851); William Hanna, Memoirs of the 
Lift and Writings of Thomas Chalmers, D.D., LL.I). (t vols.. New 
York, 1057); Charles Gibbon, The Life of George Combe (2 vol.s.; 
London, 1878); Frederick C. Conybeare, Letters and Exrtcises of 
the Elizabethan Schoolmaster John Conybeare . . . with Notes and 
a Fragment of Autobiography by the Very Rev. William Daniel 
Conybeare, Dean of Llanda^ (London. 1005); William C. Henry. 
Memoirs of the Life and Scientific Writings of John Dalton (i^ondon, 
1.S54), Robert A. Smith, ‘‘Memoir of John Dalton, and Ili'^tory of 
the Atomic Theory up to his Time,’’ comprising volume XIII of 
Memoirs of the Literary and Philosophical Society of Main /tester 
( 18501, 2d series; George Wilson, “Life and Divioveries of Dalton,’’ 
m Rfligto Chcrnict (Cambridge and London, 1802); Francis liarwin, 
7 he Life and I^etters of C harlcs Darwin (2 vols.; New 'i'oik. 1888 ) ; 
John Davy, Memoirs of the lAfe of Sir Humphry Davy, Bart . com- 
prising volume I of The Collected Works of Sir Humphry J?avy (q 
\ols., London. 1859-40); John H Paris, 1 he Life of Sir Humphry 
Davy, Bart. (London, 1831), a flowery and most unreliable book 
Samuel Smiles, Robert Dick, Baker of Thurso, Geologist and Botanist 
' London. 1878), and TJves of the Engineers (4 vols.; London, 1862- 
; Richard L. and Maria Edgeworth, Memoirs of Richard Lovell 
Edgeworth (2 vols.; London. 1820); Henry Bence Jones. The Life 
and Letters of Faraday (2 vols.; Philadelphia, i87'','; J. C. .Shairp, 
P G. Tail, and A. Adams-Reilly, Ufe and I.,etters of James David 
Forbes ^London, 1873); Sir Henry Holland, Recollections of Past 
Life (New York, 1872); Katherine M. Lyell, Memoir of Leonard 
Horner (2 vols.; London, 1890); Leonard Huxley, Life and Letters 
of Thomas Henry Huxley (2 vols.; New York, 1901); Lawrence 
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Jameson, Biographical Memoir of the late Professor Jameson (Edin- 
burgh, 1854); A. F. Tytler of Woodhouselee, Memoirs of the Life 
and Writings of the Honourable Henry Home of Karnes (3 vols.; 
Edinburgh, 1814); Amelia Moillet, Sketch of the Life of James Keir 
(London, 1800); Charles Knight, Passages of a Working Life (3 
vols.; London, 1864-65), an autobiography; Katherine M. Lyell, 
Life, Letters and Journals of Sir Charles Lyell, Bart. (2 vols.; Lon- 
don, 1881), one of the best of the works of this type: Gideon A. 
Mantell, The Journal of Gideon Mantell, Swgcon and Geologist 
(ed. E. Cecil Curwen; London and New York, 1940); Hugh Miller. 
My Schools and Schoolmasters (Boston, 1855), an autobiography; 
I’eter Bayne, The lufc and Letters of Hugh Miller (2 vols.; Boston, 
1871); bir Archibald Geikie, Lije of Sir Roderick /. Murchison 
(2 vols.; London, 1875), much the best of these works; Richard 
Owen, The Lilc of Richatd Owen (2 vols,; New York, 1894) ; Joseph 
Priestley, Mevioiis of Dr. Joseph PtustUy to the Year J795, Written 
by Himself, iinth a Continuation, to the Time of his Decease, by his 
Son, Joseph Pricstlev (2 vols ; Noithiimberland, Pa., 1806): H C. 
Bolton (cd ), Scitntifii Cotrespondeme of Joseph Priestley (New 
York. 1802), Sii John Pringle, Six Diseoutses (London, 1783), con- 
taining an introductory biographical memoir of Pringle b> Andrew 
Ki])f)is, Mary Anne SrliirnnKlpeiininck, Ltie of Mary Anne Sehim- 
melpenninek (ed. ('hri^'liana C. Hankin; 2 vols. London, 1858); 
John W. Clark and Thonras McK. Hughes, The Life and Jitters of 
the Reverend idam Sceigwiek (2 v<»ls.; Cambridge, England, 1890); 

li<mk WMam Smith (London, iSa-vV, AUted 
Russel Wallace, My Life, a Record of Events and Opinions (2 vo\s . 
New York, 1905); James P. Muitheael, The Life of James Walt 


(New Yoik, 1859); J. I’. Muirhead (ed.), TAe Origin and Peogtei' 
/>) tki Me I hannal Inventions of James Watt, Illustrated by his Cot- 
(3 vols , r.on<toti, 1854); Eliza Meteyard, The LH' 
ostah Wedgwood, from his Private Correspondence and Famdy 
apers {2 yo\s. -, London, 1865-60); Janet M. Douglas, The Life 
an e ecttons from the Correspondence of William Whewell, D.D. 

and domestic; Isaac Todhunter. 
Whewell, DD (2 vols., Londor -.x 

with selections fioni literary and scientific correspondence, 
^■i«Bdall, The Wilkinsons (Madeley, Salop, undated \c. 1830 J ) : 
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George Peacock, Life of Thomas Young, M.D., F.R.S. (London, 
iS55)- 

3. CONTGMPORARY LITERATURE 

The contemporary sources, on which this study primarily rests, 
may be grouped into the three general categories of theology (chiefly 
natural theology), science, and jiopular science — a method of ar- 
rangement which will leave a few stray titles to be gathered up under 
a fourth heading as miscellaneous This scheme of classification should 
ii(;t, however, be looked upon as more than a convenient device by 
which to organize the material, because to a considerable extent it 
pioiects ’oto the past distinctions which were not made in the past, 
or dt least not so sharply made as in modern times. Moieover, the 
iioider line between the three types is very blurred. Many of these 
works include elements which are both theological and .scientific, 
‘•Lientrfr: and popular, popular and Ihcifiogical, or all three combined, 
.uid the decision on where to place a particular title is often arlvtiary. 
But oc'cn when the necessary reservations are made, it still seems 
worth while, and usually possible, to differentiate between books 
which would now be regarded as predominantly theological, s( ientinr. 

K! pojuilar in outlook, purpose, and content. 

a. Wot of a Theological Character 

My opening remarks in Chapter I on the relationship of Puri- 
tanism and science make no claim to originality. They are derived 
Tidinly from the work of the authorities cited in the first section oi 
this bibliography. In acjdition, there are a number of readily avail 
able seventeenth- and early eighteenth-century k ritings which confirm 
tire sympathy then existing between science and theology. v\fhat fol- 
lows is a more or less randomly selected sampling: Robert Boyle, 
The Excellency of Theologv above Natural Philosophy, in volume HI 
«i The Theological Works of the Honourable Robert Boyle (ed. 
iNiihard Boulton; 3 vols,; London, 1715), and Seraphick Love; 
Some ,]fo/!ves and Incentives to the Love of God, Pathetically Dis- 
d of in a Letter to a Friend (4th ed.; London, 1665); Gilbert 
''etioon Preai hed at the Funeral of Robert Bo vie (London. 

»> Astro-Thiulogy; or, A Demonstration of 

an Attributes of God, from a Survey of the Heavens 
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(London, 1715), and Physico-Theology , or, A Demonstration of the 
Being and Attributes of God from His Works of Creation (3d ed.; 
London, 1714) ; Joseph Glanville, Scepsis Scientifica (London, 1665) ; 
John Harris, The Atheistical Objections, Against the Being of a 
God, and His Attributes, Fairly Considered and Fully Refuted 
(London, 1698); John Ray, The Wisdom of God Manifested in the 
Works of the Creation (London, 1691) ; John Webster, Academiarum 
Examen (London, 1654) ; John Wilkins, Of the Principles and Duties 
of Natural Religion (4th ed.; London, 1699). 

In the later period, William Paley, Natural Theology; or. Evi- 
dence of the Existence and Attributes of the Deity Collected from 
the Appearances of Nature (London, 1802), epitomized, but in no 
way originated, the empirical approach to God. Among the contribu- 
tions made to natural theology by scientists of the late eighteenth cen- 
tury were Jean Andre Deluc, Letfres sur le christianisme adressies i 
M. le pasteur Teller (Berlin, 1801): and Joseph Priestley, Disquisi- 
tions Relating to Matter and Spirit (2d ed ; 2 vols.; London, 1782), 
and Letters to a Philosophic Unbeliever (2 parts: Bath, 1780, and 
London, 1787), which were republished with Priestley’s other extra- 
scientific works in Theological and Miscellaneous Works (ed J. T. 
Rutt; 26 vols ; London, 1817-1832). 

In the generation after Paley, his argument was often enlarged 
but seldom improved. The eight Bridgewater Treatises are the most 
characteristic examples of the per.sistence of Paleyism; Thomas 
Chalmers. On the Poxver, Wisdom, and Goodness of God as Mani- 
fested in the Adaptation of External Nature to the Moral and Intel- 
lectual Constitution of Man (2 vols.; London, 1833): John Kidd, 
On the Adaptation of External Nature to the Physical Condition of 
Man (London, 1833; Philadelphia, 1836); William Whewell, Astron- 
omy and General Physics, Considered with Reference to Natural 
Theology (London. 1833; Philadelphia, 1836); Sir Charles Bell, The 
Hand, Its Mechanism and Vital Endowments, as Evincing Design 
(London, i8^^: Philadelphia, 1836): Peter Mark Roget, Animal 
and Vegetable Physiology, Considered smth Reference to Natural 
Theology (2 vols., London, 1834; 2 vols., Philadelphia, 1836); 
William E. Buckland, Geology and Mineralogy, Considered with 
Reference to Natural Theology (2 vols., London, 1836; 2d ed., 2 vols., 
London, 1837); William Kirby, On the Power, Wisdom, and Good- 
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tiess oj God as Manifested in the Creation of Animals, and in their 
History, Habits, and Instincts (London. 1835; Philadelphia, 1837); 
William Prout, Chemistry, Meteorology, and the Function of Diges- 
tion (London, 1834; 2d ed., London, 1834). In the Philadelphia edi- 
tion. Kidd, Whewell, and Bell were bound in one volume. Where 
more than one edition is cited in the list just given, it is to the second 
that citations in the notes refer. Most of these authors described 
(iod as an intervening and superintending deitj, and it was on this 
astounl that Charles Babbage took issue with them in his iiule- 
jiendently written The Ninth B>idgcwater Treatise, a Ftagvient (2d 
ed , London, 3838). 

By the 1830 s. the question whether God a<ted through a single 
set of all-sufficient laws, or whether His contiol was oxetleil imme- 
diately, had become a major issue in natural theologj , and, besides 
Babbage, other advocates of the uniformitaiian interpietalion wore 
(rcoige ( 'ombe. On The Relation between Religion and Sa/nce (Kdin- 
inngh, 1847), and Baden Powell, The Connexion of Natuttil and 
PtviiH Truth, or. The Studv of thi Inductive Philosophv ( onstd- 
md as Suhservunt to Thcologv (London, 18 ^ 81 , Th( Cnitv of 
lloilds and of Nature (2d ed., London, 1856), and 'I he Order 
,1/ Mature Considcud tn Refctemc to the Llaitns u} Revelation 
(London, 1859). Powell contributed the essay, “‘On the Study of 
the Kvidences of t'liristianity,” to Essavs and Reviews (London, 
iSbo). 

The idc.'i of God as a governor wa.s, how'evei, the traditional and 
<he more common assumption, not onlj among the Bridgewater au- 
thors, but among other writers of natural theology, whether scientists 
or not This was the attitude underlying Heniy, Lord Brougham, A 
Discourse of Natural Theology (4th ed ; London, 1835), the sepa- 
tately published preface to Brougham's edition of Paley; W'llliam E 
Buckland, Vindiciac Gcologkac (Oxford, 1820); Thom.as Dick, The 
( histtan Philosopher ; or. The Connection of Scicnri and Philosophy 
with Religion (London, 1823): John Mactulloch, Protfs and Illus- 
tiations of the Attributes of God, from the Facts and Laws of the 
Physical Universe. Being the Foundation of Natural and Revealed 
Religion (3 vols.; London, 1837); Hugh Miller. The Testimony of 
the Rocks; or. Geology in Its Bearings on the Two Theologies, Nat- 
a''al and Revealed (Edinburgh, 1857), and The Two Records: The 
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Mosaic and the Geological (Boston, 1854); and William Whewell, 
Indications of the Creator (Philadelphia, 1845). 

The plurality of inhabited worlds was the subject of an exchange 
between William Whewell, Of the Plurality of Worlds (London, 
1853), and Sir David Brewster, More Worlds Than One: The Creed 
of the Philosopher and the Hope of the Christian (London, 1854)- 
William Smith’s researches were the main subject of Joseph Town- 
send, Ihe Character of Moses Established for Veracity as an His- 
torian (2 vols. in i; Bath, 1815). Cathohe reactions to natural 
theology may be seen in Nicholas Patrick Cardinal Wiseman, Twelve 
Lectures on the Connexion between Science and Revealed Religion 
(Andover, N. Y., 1837), and John Henry Cardinal Newman, The 
Idea of a University (London, 1891). 

The cosmological literature of the seventeenth and eighteenth 
centuries, though not always theological in form, nevertheless was 
generally more theological — or at any rate speculative — than sci- 
entific in temper. This is almost as true ot (Jeome Louis Leclerc de 
Buffon, Histoire et theorie de la terre, in volume I of Histoire naturelle 
(24 vols.; I’aris, 1749-178^), in which the theory was only very 
loosely related to the Biblical account, as of works like Thomas 
Burnet, Saircd Theory of the Earth (bth ed.; 2 vols.; London, 1726), 
Nehemiah Grew, Cosmologia Sacra (London, 1701), and William 
Whiston, A New Theory of the Earth, from Its Origin to the Con- 
summation of all 1 hings (l-ondon, 1696), in all thiee of which con- 
sideiable importance was attached to squaring the interpretation 
in some fa.shion with traditional religious belief. 

If the scientific succc.ssor ot cosmological .speculation was serious 
geological study, its theological descendant was the literature which 
includes (often in the same book) both clerical attacks upon geology 
and uninformed attempts to frame theoretical systems reconciling the 
geological and .scriptural records. Chaiacteristic samples are: William 
Gockburn. The Bible Defended against the British Association (Lon- 
don, 1839), 5tnd A Letter to Professor Buckland Concerning the 
Origin of the World (London, i8t8); George Fairholme, New and 
Conclusive Demonstration Both of the Fact and Period of the Mosaic 
Deluge and of Its Having Been the Only Event of the Kind thai 
Has Ever Occurred upon the Earth (London, 1837); Philip Gosse, 
Omphalos (London, 1857); Granville Penn, A Comparative Estimate 
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jj the Mineral and Mosaical Cosmologies (London, 1822), and Con- 
versations on Geology (London, 1828); John Pye Smith, Lectures 
on the Bearing of Geological Science upon Certain Parts of Scriptural 
\arrative (London, 1839) ; and Andrew Ure, A New System of Geol- 
ogy, in which the Great Revolutions of the Earth and Animated 
Nature, are Reconciled at once to Modern Science and Sacred History 
(London, 1829). 


b. Scientific Works 

For the purpose of this study, the scientific sources may be di- 
vided into those books dealing primarily with geology and the 
.mmediatel> related subjects, and those dealing with olhei sciences. 
There is, of course, also much material to be found in the publications 
if scientific societies, which are listed in the last section of thi*^ 
Inliliography. Since the important geological w'orks ha\c alieacly been 
discussed in the text, further critical comment would be superfluous. 
Mere I have simply listed the writers referred to in the piesent book 
I’l the general chronological order in which their w’ork contr'buted 
10 the development of geological science: 

John Whitehurst, Inquiry into the Onginal State and Forjnatwn 
('t the Earth (London, 1778) ; Richard Kiiwan, Elements of Mineral- 
I'CV (London, 1784), James Hutton, Theory of the Earth, with 
Pi oofs and Illustrations (2 vols.; Edinburgh, 1705); John Playfair, 
flustiation^ of the Iluttonian Theory of the Earth (Edinburgh, 
iSci), republished as volume I of 'Ihe Works of John Playfair, 
I sqimc (4 vols.; Edinburgh, 1822) , Abraham (lottlob Werner, New 
'^htory of the Formation of Veins (Irans Charles Anderson, Edin- 
uuigh, 1809); Robert Jameson, An Outline of the Mineralogy of 
ihe Shetland Islands and of the Island of Arran (Edinbmgh, 1798), 
Mineralogy of the Scottish Isles (2 vols.; Edinburgh, 1800), and 
'iystem of Mineralogy (3 vols., h'.dinburgh, 1804-1807), including as 
volume III, Elements of Geognosy, 

(leorges Cuvier and Alexandre Brongniart, Essai sur la geographic 
»un/ ralogiquc des environs de Paris (Paris, i8ir); William Smith, 
1 Delineation of the Strata of England and Wales (London, 1815), 
Strata Identified by Organized Fossils (London, 1816), and Strati- 
^I'aphical System of Organized FossUs (London, 1817); Georges 



248 BIBLIOGRAPHICAL ESSAY 

Cuvier, Essay on the Theory of the Earth (Edinburgh, 1817), Robert 
Jameson’s translation of Discours sur les revolutions de la surface du 
globe, which was the separately published preface to Cuvier’s Re- 
cherches sur les ossemens fossiles, oh Von rHablit les caract^res de 
plusieurs animaux dont les revolutions du globe ont ditruit les esp^ces 
(4 vols.; Paris, 181 1 ) ; George B. Greenough, A Critical Examination 
of the First Principles of Geology (London, 1819), and Geological 
Map of England (London, 1820); William E. Buckland, Reliquiae 
Diluvianae; or, Observations on the Organ}'- Remains Contained in 
Caves, Fissures, and Diluvial Gravel, and on Other Geological Phe- 
nomena, Attesting the Action of an Universal Deluge (2d ed.; Lon- 
don, 1824); George Poulctt Scrope, Considerations on Volcanos, the 
Probable Causes of their Phenomena, the Lau'S which Determine 
their Match, the Dispositions of their Produits, and their Connexion 
with the Ptesent State and Past History of the Globe; Leading to 
the Establishment of a new Theory of the Earth (London, 1825), 
and The Geology and Elxltnct Vohanos of Central France (London. 
1826); Charles ( 1 . B. Daubeny, .1 Desiripiion of Active and Extinct 
Vohanos (London, 182(1); Sir ( hatle^ Lyell, Principles of Geology 
Being an Attempt to Explain the Foinier Changes of the E^arth’s 
Surface, by Refer ence to Causes now in Operation (3 vols.; London 
1830-1833); Gideon A. Mantell, Ehe Geology of the South-East of 
England (London, an expansion of the same author’s Illus- 

trations of the Giology of Sussex (London, 1822) ; Sir Henry T. de la 
Berhe, Rcuatifus in Ihcorctual Geology (London, 18^4), Sir 
Rodenck 1 Muichison, The Silurian System (2 vols ; London, 18^9) , 
Hugh iMiller, The Old Red Sandstone; or , Xese Walks in an Old held 
(Edinburgh. 1841) 

In addition, iheie aie a number of scientific woiks which, though 
not bearing directly on geologv, were of impoitanci' to the develop 
incnt of that .science, or which give useful insights into the chaiacter 
of (he genera! .scientific background Here, too, the chronological 
method seems the arrangement best suited to the piogtessive nature 
of the history of .science: 

Sii Isaac Newton, Mathematical Principles of Natural Philosophy 
(the Andrew Motte translation of 1729 revised and edited by Florian 
Cajori; Berkeley, Calif., 1934). which includes Roger Cotes’ preface 
to the second editon of 1713; and Opticks (reprinted from the fourth 
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edition of 1730; London, 1931); Stephen Hales, Statical Essays 
(2d ed., 2 vols,; London, 1731); Colin Maclaurin, A Treatise 0} 
Fluxions (2 vols.; Edinburgh, 1742); Joseph Black, Experiment^ 
upon Magnesia Alba, Quicklime, and Some Other Alcaline Substances 
(reprinted from the first edition of 1756; Edinburgh, 1898); Henry 
Cavendish, The Scientific Papers of the Honourable Henry Caven- 
dish, F.R.S. (ed. James Clerk Maxwell, Sir Joseph Larmos. and Sir 
Edward Thorpe; 2 vols.; Cambridge, 1921), the contents of volume 
I having been previously published in 1879; Joseph Priestley, Ex- 
periments and Observations upon Different Kinds of Air (3 vols., 
London, 1774-1777), Experiments and Observations Relating to 
Various Branches of Natural Philosophy, with a Continuatton of the 
Observations on Air (3 vols.; London, 1779-1785), often catalogued 
as volumes IV-VI of the preceding title, and Doc trim of Phlogiston 
E<~tablished and Composition of W ater Refuted (Philadelphia, iSoo) ; 
Richard Kirwan, An Essay on Phlogiston and the Constitution of 
Uids (London, 1787), a French translation of which was publshed 
by Mme Lavoisier (Paris, 1788I ; John Hunter. Essavs and Ohstrva- 
I’uns on Natural History, Anatomy, Physiology, Psychology, and 
(hology (2 vols.; London. 1841), published posthumously: John 
Halton, New System of Chemical Philosophy (2 vols.: Manchester, 
1 808-1 8 10); Jean Baptiste de Lamarck, Recherches sur r organisa- 
tion des corps vivants (Paris, 1802), Philosophic zoologique (Paris, 
1S09), and Histoire naturelle des animaux sans vrrtcbtes (7 vols in 
8, Paris, 1815-1822); Georges Cuvier, Le rbgne animal disirtbuf 
d'apre's son organisation, pour servir de base d I'histoire naturelle 
d(s anmaux ct d' introduction d, Vanatomte comparde (4 vols.; Paris, 
rii7); James C. Prichard, Researches into the Physical History of 
Mankind (2 vols.; London, 1826), Alexande*' von Humboldt, Cos- 
mos; Sketch of a Physical Description of the Universe (trans. E. C. 
Otte, B. H. Paul, W. S Dallas; 4 vols.; London, 1848-1852); 
Richard Owen, On the Archetypes and Homologies of the Vettebrate 
Skeleton (London, 1848), and On the Nature of Limbs (London, 
1849); Charles R. Darwin, On the Origin of Species by Means of 
■Natural Selection; or, The Preservation of Favoured Races in the 
Struggle for Life (London, 1859). 
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c. Poptilar Science 

The literature of popular science includes a great variety of 
works of very unequal merit. Among the better sort were the books 
which, like the modern textbook or high-level popularization, were 
written in an objective manner to inform students and the general 
public about science and its progress. Secondly, there were a num- 
ber of books of a different type, which were concerned less with 
dispassionate explanation than with argumentation and the pop- 
ularization of a controversial theory. And, thirdly, there were the 
publications of authors who were interested in edifying rather than 
in informing or in theorizing. 

Works of the first type were often written by scientists, and the 
best of them may be considered to have been scientific in character, 
differing from the books included in the preceding section of this 
bibliogiapby in that their purpose was more to explain science than 
to advance it. Examples are the eighteenth-century de.scriptions of 
natuial philosophy: 

John Keill, An Introduction to Newtonian Philosophy , or, Philo- 
sophual Lectures Read tn the University of Oxford, Anno Dom. ijou 
(4th ed.; London, 1745); F. llauksbee. Physic o-Mechanical Experi- 
ments on Various Subjects f::d ed., London, 1710); Henry Pember- 
ton, A View of Sir Isaac Newton's Philosophy (Dublin, 1728); W. 
J.'s Gravesande, Mathematical Elements of Natural Philosophy, Con- 
firmed by Experiments; or, An Introduction to Sir Isaac Newton's 
Philosophy (trans. J. T. Desaguliers; 3d ed.; 2 vols.: London, 1720). 
and some of the treatises in Oeuvres philosophiques et mathematiques 
de M. G. J. 's Gravesande (trans. and ed. J. N. S. Allamand; 2 vols. 
in I ; Amsterdam, 1774) ; J. T. Desagulier."-, A Course of Experimental 
Philosophy (3d ed.; 2 vols.; London, 1703); Pieter van Musschen- 
broek, The Elements of Natural Philosophy (trans. John Colson; 2 
vols.; London, 1744); Colin Maclaurin, An Account of Sir Isaac 
Newton’s Philosophical Discoveries, in Four Books (London, 1748); 
John Rutherforth, A System of Natural Philosophy: Being a Course 
of Lectures in Mechanics, Optics, Hydrostatics, and Astronomy (2 
vols.; Cambridge, 1748); Benjamin Martin, Philosophia Britannica; 
or, A New and Comprehensive System of the Newtonian Philosophy, 
Astronomy, and Geography (2 vols.; London, 1747), and The Young 
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Gentleman and Lady’s Philosophy, in a Continued Survey oj the 
Works of Nature and Art; by Way of Dialogue (2d ed.: 2 vols.; 
London, 1772); John Rowning, A Compendious System of Natural 
Philosophy: with Notts, Containing the Mathematical Demonstra- 
tions. and Some Octasional Rematks (7th ed.; 2 vols.; London, 
1772). An early example of the technical handbook was John Hair is, 
Lexicon Tcchnicum; or, An Universal English Dictionary of Arts 
and Sttences, Explaining not only the Terms oj Art, hut the .\rls 
I htin selves (London, 1704). 

In the nineteenth century, there were occasional books publi.shed 
on the whole of natural philosophy, for examjile John Tlayfair, 
Outlines c Natuial Philosophy (2 vols.; Ridinburgh, 1812) and Sir 
John F. W. Herschel, A Preliminary Discouise on the Study 0} 
Xafiiial Philosophy tLondon. 18^1 1, which, however was a di'’- 
lussioii of method rather than a description of subi'-cl matter; but 
1 \ the latter part of the eighteenth centurv the e.xposition of a 
Miicle science had become the more common Upc of ]niblica'ii(»n‘ 
j'tveph Prie-.tley, The History and Present Stale of Disinveries 
Relating to Vision, Light, and Colours (London, 1772), and The 
History and Present State of Idectiicity (2d ed , London, 1760) • 
hamuel Horsley, Elemental y Treatise on the Fundamental Principles 
ol Piactical Mathematics (Oxford, 1801): Joseph Black, Lectures on 
the Elements of Chemistry Delivered in thf Unh'ersity of Edinburgh 
hv the late Joseph Blatk, M.D. (ed. John Robison; vols . I,ondon, 
)>so5); William Smith. Treatise on the Construction and Manage- 
ment of Waterworks (London, i8o(>) , John Fleming, The Philosophy 
cl /oology; or, A General View of the Structure, Functions, and 
C la'sifitation of Animals (2 vols.; Edinburgh, 1822); and .Sir John 
R W. Herschel, A Treatise on Astronomy (London, 1841) 

A number of manuals and responsible popularizations were pub- 
lished to guide the amateur geologist and to keep the jiublic abieast 
of the progress of geology in the nineteenth century: Robert Bake- 
well, An Introduction to Geology (London, i8t,^). Wdliam T. 
Brande, Outlines of Geology (London. 1817), William I’hillijis, A 
Sdtetion oj Facts from the Best Authorities, .Arranged so as to Form 
an Outline of the Geology of England and Wales (London, 1818); 

illiam D. Conybeare and William Phillips, Outlines of the Geology 
of England and Wales (London, 1822); Sir Henry T. de la Beche. 
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A Geological Manual (London, 1831), and How to Observe (Lon- 
don, 183s) ; Sir Charles Lyell, Elements of Geology (London, 1838) ; 
Gideon A. Mantell, The Wonders of Geology; or, A Familiar Ex- 
position of Geological Phenomena (2 vols.; London, 1838), and The 
Medals of Creation; or. First Lessons in Geology, and in the Study 
of Organic Remains (2 vols.; London, 1844); Hugh Miller, Popular 
Geology (Edinburgh, 1858). and Rambles of a Geologist; or, Ten 
Thousand Miles over the Fossiliferous Deposits of Scotland (Edin- 
burgh, 1858), also published in an American edition with The Cruise 
of the Betsey; or, A Summer Ramble among the Fossiliferous De- 
posits of the Hebrides (Boston, 1859). 

The interpretation of science for the la3mian was the subject of 
a second type of work, in which the writer’s purpose was to persuade 
as well as to infoim his readers All of the publications listed in 
the following paragraph are of some interest for the history of scien- 
tific thought, either because they were written by people who had a 
claim to be considered s( ientists, or because they aroused discussion 
among scientists. Although many of these books present a good 
deal of information, in general the authors were more interested in 
argumentation than in exposition: 

John Harris, Remarks on some Late Papers, Relating to the 
Universal Deluge: and to the Natural History of the Earth (Lon- 
don, 1697) i Erasmus Darwin, The Botanic Garden (2 vols.; London, 
1789-1791); Zoonamia; or, The Laws of Organic Life (2 vols.; 
London, 1794-1798), a work which might, perhaps, be classified 
as scientific rather than popular; and The Temple of Nature; or. 
The Origin of Society: a Poem with Philosophical Notes (London. 
1803) : Jean Andre Deluc, Lettres physiques el morales sur I'histoire 
de la terre et de Vhomme adressfes d. la reine dc la Grande Bretagne 
(5 vols. in 6; La Haye, 1779) ; “Letteis to Dr. James Hutton on his 
Theory of the Earth,” Monthly Review, II (1790), 206-227, 582- 
601; III (1790), 573-586; V (1701), 564-585: and An Elementary 
Treatise on Geology (trans. Henry de la Fite; London, 1809); 
Richard Kirwan, Geological Essays (London. 1790); George Combe 
Constitution of Man (2 vols.; London, 1828); Robert Chambers, 
Vestiges of the Natural History of Creation (London, 1844), with 
which should be read the preface and notes prepared by Alexander 
Ireland for the twelfth edition (London, 1884) ; and Explanations: 
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a Sequel to “Vestiges of the Natural History of Creation'’ (London, 
1845), incorporated into the later editions of the parent work as 
an appendix; Adam Sedgwick, A Discourse on the Studies of the 
University (4th ed., Cambridge, England, 1835; 5th ed., Cambridge, 
1850) — in the latter edition tlie relevant portion is the enormous 
prefatory essay refuting the Vestiges; Hugh Miller, The Footprints 
of the Creator; or, The Astcrolepis of Stromness (Edinburgh, 1S47). 

Finally, the publications which preached the value of useful 
knowledge may properly be considered as belonging t(< the literature 
of popular science because, although their content was of ;i moraliz- 
ing rather than a scientific character, the suppo.>ed les.sons i f science 
were whai pointed the moral, and it was by means of the dissemi- 
nation of scientific understanding that the authors hoped to en- 
lighten the populace and strengthen the fabric of society. 

Thomas Dick, Celestial S«'< nety; ot, The Wonders of the Ilea" ens 
Displayid (London. 1837), and On the Improvement of Society by 
the Diffusion of Knowledge (GLasgow. undated [< 1841 1 ), Henry, 
Lord Brougham. “Objects, .Advantages, and I’lea‘>ur“s of .Science,” 
'] he Pamphleteet, XXVIl (1826). 407 S07, origimilly wiitlen for 
the .Society for the Diffusion of U.-'Cfiil Knowledge as a inebminary 
treatise to its series, The Library of Usfjul Knowlulgt ; and Ptac~ 
tual Observations upon the Edmalion of thi People, iddnssed to 
the Working Classes and their Employers (London, 1H25); George 
( ombe. Education, Its Prinuples and Practice (ed. William Jolly; 
London, 1879), and Lectwes on Popular Edmation (3d ed.; Edin- 
burgh, 1848); John Connolly, Cottage F.venihgs (London, 1829); 
''II John F. W. Ilerschel, The Admiralty Manual of Siientifu En- 
quiry ; Prepared for the Use of Her Majesty v Aavy: and Adapted 
>or Travellers in General (London, 1849), and Essa\s fiom the 
Edinburgh and Quarterly Rivira'S (lyondon, 1857), which includes 
a number of public adcli cs.scs not previously publishi'd ; Loi d Arthur 
llervey, Bishop of Bath and Wells. A Suggestion for Supplying the 
Literary, Scientific, and MechanicT Institutes of Great lirHain and 
Ireland with Lecturers from the Universities (Cambridge, 1855); 
('harics Knight, The Results of Machinery, Namely, Cheap Pro- 
duction and Increased FMployment Exhibited: Being an Address to 
the Working-men of the United Kingdom (London, 1831); Andrew 
ere, The Philosophy of Manufactures; or, An Exposition of the 
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Sdentijic, Moral, and Conttnercial Economy of the Factory System 
of Great Britain (London, 1835). The latter two titles might, per- 
haps, be better described as popular technology than as popular 
science. 


d. Miscellaneous 

There are, to conclude this section, a few works which resist 
the above classification, but which are, nevertheless, of sonre im- 
portance to the present study; Francis Bacon, 'ihe Works of Francis 
Bacon (ed. James Spedding, Robert L. PMlis, and Douglas D. Heath; 
15 vols.; Boston, 1860-1864); Thomas Chalmers, The Christian 
and Civic Economy of Large Towns (3 vols.; Glasgow, 1821-1826), 
and On Political Economy in Connection with the Moral State and 
Moral Prospects of Society (Glasgow, 1832); Jean Andre Deluc, 
Bacon tel qu’il est (Beilin, 1800), and Prriis de la philosophic dc 
Bacon (2 vols.; Pans, 1802), J. T. Desaguliers, The Newtonian 
System of the World, the best Model of Government: An Allegorical 
Poem (London, 1728). William llerschel, The Universe Around Us 
(Ann Arbor, 19^2). an exchange of correspondence: Richard Kir- 
wan, Logick (2 vols.; London, 1807), and Metaphysical Essays 
(London, 1809! ; Hugh Miller. Letter ftom One of the Scottish 
People to Lord Brougham and Vuux (Edinburgh, 1S39), and Poems 
Written in the Leisure Hours of a Journeyman Mason (Inverne.ss, 
1829); William Paloy, The Principles of Moral and Political Philos- 
ophy (London, 1785). 

Samples of contemporary opinion on science and its relation to 
university education may be found in: Cambridge University Com- 
mission, Repot t (London, 1852): Oxford University Commission, 
Riport (London, 1852); Charles G. B. Daubeny, Brief Remarks on 
the Correlation of the Natural Sdentcs (Oxford, 1848); Sir Charles 
Lyell, Travels in North America; with Geological Observations on 
the United States, Canada, and Nova Scotia (2 vols.; London, 1845), 
vol. I, chap, xiii; William Whewell, On the Principles of English 
University Education (London, 1837), and Of a Liberal Education 
in General; and with Particular Reference to the Leading Studies of 
the University of Cambridge (London, 1845). 
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4. Periodicals 

(.ontemporar> periodicals are a rich source of information, both 
101 the history of science in the publications of the scientific societies 
and for the general history of opinion in the reviews which exercised 
n wide influence in nineteenth-century England. Citations to par 
ticular articles will be found in the notes; here only the journals 
themselves are listed. In each case the period fur which I have sur- 
veyed them is indicated. 

a StiintiHc Socirlus and their Pnb/ications 

Tlie aljbreviation^ which I have employed in citing thi journals 
in the footnotes are given on page 201, below^- British A.vsociation 
foi the Advancement of Sciem e, Bnfish As^utiafion Reports^ 1 -XlV 
MS-,: 1S4O' volumes 1 and II bound in one; The Geological 
S(Kiel\ of London, Proceedings of the Gcologual Society of Lo^iuon^ 
1 tind 11 (ivS^V which published minutes of 

meelings, abstiacts of papers, piesidential addie'^^es, and so forth; 
aiid Tiansactions of the Gcolodiiial Soctefy, series i, 1 V (1S07- 
I, and series 2, I VIIT (1824-1856), which published memoirs 
t I itsf\ii(hf*s and which was amalgamated with P.G.S. in The Quar- 
tiftv Journal of the Geological Societv, beginning in 1845; The 
lateral \ and l^hilosophical Society of Manchester, Memoirs of the 
fihuifv and Philosophical Soriet\ of Mam hesfer, I XIV in two 
(1785 1S57), The Royal Institution. I He Quarterly Journal 
»/ Literature, and the Aits, l-XXIX (1816-18^0); The 

l<o\al Iri^h Academy, Index to the Seiial Putdications of the Royal 
Insh Academ^^, i^S6 igo6 (Dublin, 1912), and Transactions of the 
R>nuil Iiish Academy, 1 -VI (1787-1797); The Royal Society, 
Philosophical Transactions, I-C’XL (1005-1850); The Royal Society 

Art^, Tiansactions of the Society for Encouragement of Arts, 
Manufactwes, and Commerce, I-LTV (i 783 -t 840 > ^hich, however, 
of little value for the history of science; The Royal Society of 
Ldmburgh, Transactions of the Royal Society of Edinburgh, I-VIII 
(1788-1818); The Wernerian Society, Memoirs of the Wernerian 
'^atuial History Society, I-VIII (1811-1839). 
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b. General Periodicals and Journals of Opinion 

Articles in most of these periodicals followed (or rather estab- 
lished) the British tradition of journalistic anonymity and were un- 
signed. In the cases in which I have discovered the identity of an 
author, either through my own reading in the period or, in the case 
of the Edinburgh, by reference to Walter A. Copinger, On the Au- 
thorship of the First Hundred Numbers of the Edinburgh Revtew 
(Manchester, 1895), I have given his nami in the footnotes in 
brackets before the title of fhe article. 

Several journals were devoted to the popularization of science 
on what may be described as a middle-class level of comprehension : 
Annals of Philosophy, T-XVI, and new series, 1-XII (1813-1826); 
Edinburgh Philosophical Journal, I-XIV (1819-1826), which in 1826 
was renamed Edinburgh New Philosophical Journal, 1-LVll (1826- 
1854); and The Philosophical Magazine, 1-LXVIJI (1798-1826). 
new series (incorporating Annals of Philosophy) , I XI (1827-1832), 
and 3d series, f-XXXVlI (1832-1850). The Mechanics’ Magazine, 
I-XXVII (1823-1837), and The Penny Magazine of the Society 
for the infusion of Useful Knowledge, I-IX (1832-1840), empha- 
sized pieces on popular science and mechanics for a working-class 
public, a type of article also featured in Chambers’s Edinburgh 
Journal, \~Wi (1832 1843), new .serie.s, I -XX (1844-1853). There 
are a few u.scful articles and notices in The Gentleman’s Magazine, 
LXX-('in, and new .series, I-XLV (1800-1856). The Times gave 
very little space to the progress of science; it may be surveyed by 
means of Palmer’s Index. 

Most of the important publications and developments in science 
served as the occasions for long articles in the three most influential 
reviews. The Edinburgh Review, I-XCJI (1802-1850), The Quar- 
terly Review, I-LXXXVII (1809-1850). and The Westminster 
Review, l-LIIT (1824-1850); and until the 1830’s in The British 
Critic, I--XLI 1 (1793-1813), new series, 1 -XVII (1814-1822). 
This last periodical suspended publication until 1825, when it re- 
sumed as a quarterly, I-III (1825-26). In 1827 it was renamed 
The British Critic, Quarterly Theological Review and Ecclesiastical 
Record, I-XXIX (1827-1841), but as it came increasingly under 
high church influences, it ceased publishing reviews of science. 



NOTES 

ABBREmXIONS 

Manchester Memoirs M emoirs of the Literary and Philosophical Society 
of Manchester 

.1/. M emoirs of the Wernerian Natural History Society 

f’.G.S. Proceedings of the Geological Society of London 

T.G.S. Transactions of the Geological Society of London 

r.RJ.A. Transactions of the Royal Irish Academy 

T RS.E. Transactions of the Royal Society of Edinburgh 

See the Bibliographical Essay for a fuller description of these sources 

Treface 

I. History of the Conflict between Religion and Science (New York, 

A History of the Warfare of Science with Theology in Christendom 
( :(! ed.: 2 vols.; New York, igoi). Most of the material in this book had 
alrt'Uih- been published piecemeal by the time the first edition appeared 
I and the general thesis had been srated twenty year? curlier in the 
author's The Warfare of Science (New York, 1S76), the, English edition 
i)f which included a preface by John Tyndall (London, 1876). 

3. Draper and White should be read with D. 0 . Zockler, Gcschichte 
drr Beziehungen zwischen Theologie und Naturunssenschaft, mit besondrer 
Rucksicht auf Schopfungsgeschichte (2 vols.; Giitersioh, 1877-18797. 
Zockler treats the subject as Ktdtur gcschichte on the grand scale, and his 
aim in part is to refute contemporarv’ scientific monism in general and the 
White-Draper-Tyndall interpretation in particular (I, 1-14, and particu- 
larly 12-14, note; see also I, 74-75; II, 717-800 ’> 
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Lt Journal de physique de Pans ( 1792) pt I p 72 
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78. Deluc, Treatise on Geology, p. 403 * 

79. Ibid., p. 82. 

80. Two vols,; Edinburgh, 1798. For a biographical sketch, see Law- 
rence Jameson, Biographical Memoir of the Late Professor Jameson (Edin- 
burgh, 1854). 

81. The Gentleman's Magazine, new series, XLI (January 1854), 656- 

657. 

82. The bouk served as the text for Jameson’s lectures in the univer- 
sity (see p iv), and was so popular that it was sold out a few months after 
publication (Lawrence Jameson, Memoir of Jamaon, p. 27). 

83 Janie‘?on, System of Mineralogy, I, xxii. See also “Mineralogical 
Queries” and “On Colouring Geognostical Maps,” M.W.S,, I (1811), 
107-108 and 149- i6t. In the latter, he insisted that only the exact shades 
recommended by Werner were suitable for representing the work forma- 
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84. Jameson, ‘‘On the St rontian -Lead-Glance Formations” and “On 
Porphyry,” M.IV.S , I 461; II, 217. 

85. Jameson, Elements of Geogjiosy, p 343. 

86. See above, pp 99-100. 

8/. Elements of Geognosy, pp. 3t^-3.|C). 

88. One of Robert Browns early botanical papers adorns the first 
volume “On the Asclepiadene M W S , I. 12-78 

89 MM vS., I, xiii-xviii. 

go. Volume I (iSiiL volume II (1818), volume III (1821), vol- 
ume IV ( 1822 ) 

gi The appendix to each \olunje includes a list of the new members 
in the period covered by its paper^, 

g2 There is no point in citing the title of each, since they all relate 
the observations of his currimt researches to Werner’s pattern, or pose new 
questions for others to conobomte. M.W.S., I, 1-7, 107-125, 149-161, 
4415-45-?, 461-464, 465 -468 5S6-565; II, 178 -201, 202-216, 217-220, 221- 
231, 618-034. 

93. MacK night, “On the Mineialogy ... of Certain Districts in the 
Highlands,” MM\S., I, 293, 353 For further instances of the society’s 
characteristic approach to research, see the same article, I, 274-276; also 
MacKnight, “Description of Tinto,” II, T25, 134-137; “Lithological Ob- 
servations on . . . Loih Lomond” (1813), II, 399-403; John Fleming, 
“Mineralogy of St. Andrew’s” (1813), II, 146; R Bald, “On the Coal- 
Formation of Clackmanshire” t^rSoS), I, 404-501; Charles Mackenzie, 
“Outlines of the Mineralogy of the Ochil Hills” (1812), II, 1-2: James 
Grierson, “Mineralogical Observations in Galloway” (1S16), II, 375-^78. 

94. “On the Geognosy of Germany, with Observations on the Igneous 
Origin of Trap,” M.IV.S., IV, 103-104. Jameson’s hand may still be seen, 
however, for though Boue calls the science “geology’ in the body of the 
article, the editor has put “geognosy” in the title. 
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40 Robert Bakewell An Introduction to Geology f2d ed , London, 
I'-iS), \\ T Brandc Outlines of Geology (London 1S17), G B Grec'n- 
ough A Cntical Examination of the First Principles of Geology (London, 
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so Thomd" Martin The Royal Institution, pp 14-23 Brande’s lec- 
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1)3 Grfcnoujrh, Gf^olo^icol Mop of Etiiglond (London, 1820) Since the 
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68 Ihe twenty-one origin d engraMngs depicting one hundred and 
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69 Ibid pp 415-430 

70 Ibtd p 430 

71 Townsends objtuioiis to Neptumsm every bit as cogent as Pla\- 
fair s, had the additional merit of pah ontological evidence (ibid , pp 334- 
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72 Ibid,p 395 
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Tpp 00-9^1 

78 Erasmus Darvrin, whose Zoonomia appeared in 1794, made no per- 
manent impression, and although Lamarck proposed his doctrine of evolu- 
tion in Recherches sur V organisation des corps vivants (Paris, 1802) and 
published his fully elaborated theory in PhUosophie zoologique (2 vols.; 
T’aris. 1S09), his views seem not to have been widely known in England 
until after the appearance of LyelPs account of them in 1830 (see above, 
P 130). I have not come across any references to Lamarckian ideas in the 
English publications which have been considered in this chapter, but there 
jrp indications that they were occasionally discussed in the 1820’s (see 
it8 and pp. 281-282, n. 68; see also Fleming, Philosophy of ZooU 
'ry, I. 31 1). British ignorance of Lamarck in this period is not surprising 
when it is recalled that in the eighteenth century evolutionary ideas were 
developed 1 luch further in France than in England (see A. 0 . Lovrjoy, 
'=iome Eighteenth Century Evolutionists ” Popular Science Monthly, LXV 
'1004], 238-251, 313-340)* and that French thought in genera! was apt 
U) be regarded with suspicion in England until well into the nineteenth 
‘TJury 

70 Tnere were, of course, many pre-Darwinian evolutionary theories 
< -ee below% p. 300, n. 5), but they never won acceptance, and I question 
much was known about them even among naturalists. Certainly 
I be general public, if it thought about the problem at all, simply assumed 
r»e permanency of species. For an outline of the history of the idea of 
creations, see N. von Hofsten, “Ideas of Creation and Spontaneous 
'icricration prior to Darwin,” Isis^ XXV (1936), 80-94. 


Chaptfr IV Catastrophist Geology 

1 Quoted in \nna. B. Gordon, The Life and Correj^pondence of 
!! jlliam Buckland (New York, 1894), pp. 41 -42. 

2 For examples of the contemporary view of the state of the science 
^<5 the public received it, see W. H. Fitton, “Presidential Address” (1828 
and i82g\ PCS , T, 50-62, 112-134: Adam Sedgwick, “Presidential Ad- 
•Ircss’’ (18^0), ibid, pp. 187-212; fFittonl, “A Description . . of Vol- 
canoes,” Edinburgh Review, XLV (1826-27), 295-320, and “Progress of 
Geological Science,” ibid , LII (1830), 43-72; “Transactions of the Geo- 
loffirnl Society,” Quarterly Review, XXXIV (1826), 507-540; “Scrope’s 
Geology of Central France,” ibid., XXXVI ( 1827), 437-483- W, D. Cony- 
beare and William Phillips, Outlines of the Geology of England and Wales 
I London, 1822) — the most popular general manual prior to LyelL This 
last and the works of Brande, Bakewell, and Greenough (above, p. 275, 
n 4q) went through new editions every few years. 

3 For a sketch of Cuvier’s importance and a discussion of his differ- 
ences with Etienne Geoffrey Saint-Hilaire and the school of NaturphUos- 
ophie, see J. Chaine, “La Grande Epoque de I’anatomie compared,” Scien- 
tin, L (i 93 i\ 365-374. 
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4. The investigations and memoirs which formed the basis for Lyell s 
uniformitarian theories were, of course, appearing during these years, but 
they were very dull and recondite and attracted no popular attention. The 
public was interested in the theories of scientists, not in their labors, and 
its fancy could be caught only by neatly generalized formulations, not by 
dry and dusty technicalities. To the layman, therefore, the disputes of 
conflicting schools, like the catastrophist and the uniformitarian, seemed 
much more sudden and dramatii than they did to scientists w^ho had fol- 
lowed the gradual development of the evidence. Fo- a discussion of this 
point, see [William Whewell], "^Principles of Geology by Charles Lyell,’* 
British Critic, IX (1831), iSo-206 pp 180-184 

5. Brongniart and Cuvier, Essai sur la geographic mineralogique des 
environs de Pans. 

6. Citations here are to the third edition of 182^ 

7. The translation entitled Essay on the Theory of the Earth 
('italions are to the third edition (Edinburgh. 1817). 

8 Cuvier, Rec here lies sur /ci o^seniens fnssilcs, I, 8-0 (m> iran^la- 
lion). 

g For a brief and comprehensive conU mporar>' view of the catas- 
trophist doctrine see Whewell, History of Inductive Sciences, 111 , 60^1 hog 

10 ( uvier. Essay on the Theory of the Earth, [ij) 57-60 88- 10^ 

ir /fr/W , pip 102-127 

12. Because nonpietritied mammalian remains were found in alluvial 
deposits n'ferred to b> ('uvkt as re^ulting fiom the latest deluge (pp 127 
132, i7i-r6i Cuvier admitted it to be conciivablc» though higliK un- 
likclv, Uia! fossilized human iumes might exist undiscovered in remote 
places (j)p) 13J-! ^2), 

1;,. /6/c/., pp 171-1:^ 

14. For Cuviers prestige, see, lor example. Cordon, Life of Bucklomi 

pp. 12^- 125; K. M Lyell. Life , Letters, and JonrnaL of Sir Charles Lyell 
(j vols , London, 1881), 1 , 125 1 ^7, 2so, J. W’. I'lark and Y MlK 
Hughes, Life and Letters of Adam Sedguack i j voK , I'ambridge, England. 
1890), 1 , 271-273, 429, W’hcwell, History of Inductive Siivnas, III 606- 
6og; Sedgwdfk, ^‘Presidential Address” PCS, 1 197; G A 

Mantel!, The Journal of Gideon Mantell Surgeon and Gtologist (cd E 
Cecil Curwen; London. ig4o\ pp S3 -84 (i 5 August 1830) 

15. Whewell, History of Inductive Sciences, III, 606- 6og 

16 Sedgwick, “Presidential Address” (1830), P G.S , 1 . Tg7. 

17. Charles Lyell, Principles of Geology (3 vol? ; London 1830-1833 ), 
I, dedication; Gordon, Life of Buckland, pp. 55-56 84-86, 270; Archibiid 
Gtikie, Life of Sir Roderick Murchison (2 vols.. London, 1875^ L 115 
123-126; Clark and Hughes, Life of Sedgwick, I, 51 1. 

18. Gordon, Life of Buckland, p. 23; see also pp. 21-37, excerpts from 
correspondence of his students. 
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[pp. 1 03-1 1 oj 

ly, "If the fact I now allude to,” wrote Buckland, "were not so 
generally notorious, that a recent Author [the Reverend Dr. Chalmers) 
in one of our northern Universities has thought the subject of sufficient 
importance to devote a chapter of his work on the Evidences of Chris- 
tianity to what he calls the scepticism of Geologists: it might have been 
superfluous to introduce the mention of this subject before those who 
know the strength of the irrefragable moral evidence, on which the general 
authority 01 the sacred writings is established, and which cannot be in- 
validated by occasional differences touching minute details of historical 
events” (Vinduiac Geological [Oxford, 1820), pp. 22-23). judged by 
the magnitude of his literary efforts to explain them away, Buckland and 
hi’ fellows could not have thought the difficulties so very minute after all. 
:o Ibid , p 3. and dedication. 

-.1 7 /nJ , pp 4-5 
jj Ibid , p II. 
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worth remarking here is now agreed to have been a tall young man of 
paleolithic vintage (ibid , p 92). 



NOTES 


a76 


[pp. 111-114] 


36. Buckland, Reliquiae DUuvianae, pp. 226-228. For memoirs typical 
of those which went into the erection of this synthesis, see T'.Cr.S., V 
(1821), 117-304; I (2d series, 1824), 95-102, 103-123, 124-131, 374-378, 
381-389, 390-396; P.GJS., 1 , 15-16, 48-49, 107-108, 179-180, 189-192. 

37. G. P. Scrope, The Geology and Extinct Volcanos of Central France 
(ad ed.; London, 1858), pp. v-xiv, 197-213. I have not seen a copy of 
the first edition (London, 1826), but, according to the author, the body 
of the work was unchanged in the second edition (p. xiii). 

38. Ibid., p. 208. One reason for the relative neglect accorded Scrope’s 
views may be that during the preceding year he had come out with a 
somewhat immature volume entitled Considerations on Volcanos, the Prob- 
able Causes of their Phenomena, the Laws which determine then March, 
the Disposition of their Products, and their Connexion with the Present 
State and Past History of the Globe; leading to the Establishment of a 
New Theory of the Earth (London, 1825). As Scrope admitted in the pref- 
ace to the Geology and Extinct Volcanos of Central France, this, though an 
anticipation of uniformitarianism, was a somewhat unfortunate effort. The 
last section (pp. 220-243) is simply imaginative cosmogony and may have 
had the effect of partially discrediting Scrope’s next book. 

39. See, for example, his "Presidential Addresses" (1828 and 1829), 
P.G.S., I, 50-62, 1 1 2-134; his articles in the Edinburgh Review cited 
above, p. 277, n. 2, and his later review of Lyell’s Elements of Geology 
(London. 1838), in the Edinburgh Review, LXIX (1839), 406-466, 
wherein he takes LycU to task for (among other things) being over- 
theoretical. By that time Fitton no longer accepted the diluvial hypothesis, 
and he had, in fact, always been more unitormitarian than catastrophist 
in his own attitudes. 

40. Geikie, Life of Murchison, I, 94-97. 125-126. 

41. Ibid., II, 117-118, 156, 316-319. For his earlier papers, see T.G.S , 
2d series, II (1829), 97-107, 293-326; 353-368 

42. Clark and Hughes, Ufe of Sedgwick, I, 160-161. 

43. Sedgwick, “On Diluvial Formations,” Annals of Philosophy, new 
series, X (1825), 18-37, PP- 34 - 35 - 

44. Geikie, Life of Murchison, II, 306. 

45. Conybeare, "On the Hydrographical Basin of the Thames,” Philo- 
sophical Magazine, 2d series, VI (1829), 61-65. 

46. Conybeare, “On Mr. LyeU's Principles of Geology," Philosophical 
Magazine, VIII (1830), 2 15-219; “An Examination of those Phaenomena 
of Geology,” ibid., pp. 359-362, 401-406, and IX (1831), 19-23, 111-117, 
188-197, 258-270. 

47. Charles Lyell, “Presidential Address" (1836), P.G.S., II, 358-359. 
See also V. A. Eyles, “John Macculloch, F.R.S., and His Geological Map. 
An Account of the First Geological Survey of Scotland,” Annals of Science, 

n (1937), 114-129. 



NOTES 


[pp. 114-118] 


277 


48. John MaccuUoch, Proofs and Illustrations of the Attributes of 
God, from the Facts and Lews of the Physical Universe: Being the Founda- 
tion of Natural ana Revealed Religion (3 vols.; London, 1837), HT, 571. 
This work was Maccnlloch’s testament and, though completed before 1830, 
vias published posthumously, having been withheld so as not to compete 
with the Bridgewater Treatises ^see above, pp. 20i;'2i6'). 

49. Proofs and Illustrations, I, 5. 

50. Ibid., Ill, 425-426. 

51. Ibid., p. 573. 

52 ‘‘Geology of the Deluge,” Edinburgh Review, XXXIX ('1823-24'!, 
196-234. pp. 196-19Q. 

53. Charles Daubeny, A Description of Active and Extinct Volcanos 
(London, 1826). 

54. [W. H Fitton], “Volcanoes,” Edinburgh Riview, XLV (^1826 ), 

313-315* 

55 Daubeny, Description of Volcanos, p. 9. 

56 “Progress of Geological Science,” Edinburgh Review, LII (1830;. 
4^-72. 

t;7. Ibid , pp. 66-68. 

S8 Buckland, Vindiciae Geologicae, p ^5. 

9;. “Reliquiae Diluvianae,” Quarterly RevUw, XXIX (1823) 

165. 

60. “Transactions of the Geological Sotietv,” Quarterly Revn^w, 
XXXIV (1826), 507-540. 

6t. Ibid , pp. 508-509. 

62. Ibid., pp. 539-540* 

63. [Charles Lyellj, “Scrope^s Geology of Central France,” Quarterly 
Review, XXXVI (1827), 437-483. 

64. Ibid., pp. 481-482. According to Scropc, this review was Lyell’s 
lirsl essay in the field of geological generalization (Scrope. Geology of 
C^'hfrul France, p. vii) 

65. Brithh Critic, I (1825), iii. 

66. Ibid., pp, iii-v. 

67. Two vols.; London, 1826. 

68. “Researches into the Physical Histor> of Mankind,” British Critic, 
IV (1828'), 33-61, pp 33-34. Cf. Conway Zirklc, “Natural Selection be- 
fore the Origin of Species,” Proceedings of the American Philosophical 
Society, LXXXIV (1941), 104-105. Professor Zirkle regards Prichard’s 
\dews on the geographical distribution and environmental variation of races 
as evolutionary, though he also describes Prichard ar having contracted 
rather than expanded his opinion in his later works. However this may 
be (and it seems to me that Professor Zirkle reads more into Prichard than 
is there), Prichard, an early anthropologist, was writing about races, not 
species. When he refers to species, he supposes each to be descended from 
a single stock. He accepts, incidentally, the reality and universality of the 



278 NOTES [pp. 118-124] 

flood. See Prichard, Researches into the Physical History of Mankind^ II, 
525-616, and especially pp. 585-591, 602-606. 

69. London, 1829. 

70. “A New System of Geology,’* British Critic, VI (1829), 387-412, 
P. 389- 

71. /6id., p. 388. 

72. For the typical amateur notice, see James Boaz, “On the Struc- 
ture of the Earth,” Philosophical Magazine, LXI (1823), 200-203. The 
“exercise of Omnipotence” explains the “ghastly fissures and fractures of 
the shell we inhabit ” Mr. Boaz suggests that the divine ordination of 
centrifugal force may be the agency God uses. 

73 Philosophical Magazine, new series, IV (1828), 225; V (1829), 
387; VI (1829), 92, 136, VII (1830), 54, 321. 

74 Ibtd , LXV (1825), 412-421 Reprinted from TGS, 2d series, 
1 (1824), 381-389 

75 Philosophical Magazine, LXVII (1826), 211-219, 249-259. Re- 
printed from Cambridge Philosophical Transactions 


Chapter V The Uniformity of Nature 

1 Cuvier, Theory of the Earth, p 12 

2 Lyell, Principles of Geology, I, 164-165 

3. Quoted in Geikie, Founders of Geology, p 404 

4 By 1830, the differences over the interpretation of river valleys 
in particular had almost reached the proportions of a major issue. Two 
incipient schools, “Fluvulist ’ and “Diluvialist,” had developed and had 
prepared the positions which uniformitanan and catastrophist would 
occupy once Lyell made the disagreement explicit and fundamental For 
the fluvialist papers and the immediate empirical background of the uni- 
formitarian theory, see, for example, PGS, I, 89-91, 170-171; TGS, 
2d series, II, 195-236, 2;9-286, 287-292, 337-352 For the anticipatory 
diluvialist counterattack, see P G S , 1 , 145-149, 189-192 ; T G 5 , 2d series, 
I, 95-102; 11 , 1 19- 130 

5 Fleming, “The Geological Deluge as Interpreted by Bacon, Cuvier, 
and Professor Buckland, Inconsistent with the Testimony of Moses and 
the Phenomena of Nature,” Edinburgh Philosophical Journal, XIV (1826) 
205-239, p 208 

6 Ibid , pp 209-215 Like many ex-Wernerians, Fleming had turned 
to zoology after “geognosy” became discredited His chief work, Philosophy 
of Zoology, stood very firmly indeed upon the “real existence” of species 
in nature 

7. Scrope, Considerations on Volcanos, pp. iii-ix, 242-243; Geology 
of Central France, pp. \ni-viii, 197-213. For evidence of some conces- 
sions to the prevailing catastrophist theories, see the former of these titles, 
pp iv-v, 215-218. 



NOTES 


fw- iaS-13*] 


279 


8. K. M. Lyell, Life of Charles Lyell, I, 163; Lyell to his sister. 4 
December 1825. 

9. Ibid,, I, 170: Lyell to his father, 10 April 1827. See also II, 6-7- 
Lyell to Whewell, 7 March 1837. 

10. Ibid,, II, 6-7; Lyell, Principles of Geology, III, vii-xviii. 

11. Lyell, Principles of Geology, I, 72. 

12. Ibid., Ill, 1-6. 

13. Ibid., I, 144. 

14. Ibid., pp. 63-65. 

15. [W. H. Fitton], “Mr. Lyells Elements of Geology'' Edinburgh 
Review, LXIX (1839), 40^4^6. The Elements of Geology was a con- 
densation and popularization of the Principles On the question of Lyells 
debt to Hutton, see V. A. Eyles, “James Hutton (1726-1797) and Sir 
Charles Lyell (1797-1875),’’ Nature, CLX (1947). 694-695. 

16. K. M. Lyell, Life of Charles Lyell^ I. 260: Lyell to Scrope, 14 
June 1830. 

17. Lyell, Principles of Geology, I, 76-82. 

18. Ibid., p. 104. 

19. Ibid., Ill, 52-61. 

20. Though he did not think himself guilty of violating it, L>ell would 

have agreed with Sedgwick’s canon, promulgated in criticism of^thc /Vm- 
ciples: “The language of theory can never fall from our lips with any 
grace or fitness, unless it appear as the simple enumeration of those gciural 
facts, with which, by observation alone, w^e have at length become ac- 
quainted” (“Presidential Address” P G S . I, 302). 

21. Lyell, Principles of Geology, III, 272-273 

22. Ibid., Ill, 270. See also I, 89. 

23 Ibid., Ill, 271-272. 

24. Ibid., p. 272. 

25. Ibid., II, 179 

26. Ibid., p. 1. 

27. Ibid., pp. 2-35, 

28. Ibid., p. 65 

29. Ibid., p. 124, 

30. Ibid., pp. 179-184. 

31. Ibid,Y> 270. 

32 Ibid , pp, 156-157. 

33- Ibid., I, 145. 

34. Ibid., quoted from Sir Humphry Davy, Comolations in Travel, 
dialogue iii. 

35- Lyell, Principles of Geology, I, 145. 

36. Ibid., pp. 145-153. 

37. /iid., pp. 155-156. 

38. p. 156. 



28o notes [pp- 133-136] 

39. K, M. Lyell, Life of Charles Lyeli, I, 271: Lyell to Scrope, 14 
June 1830. 

40. Ibid., pp, 309-31 1 : Lyell to Scrope, 9 November 1830. 

41. Lyell, Principles of Geology, I, 65. 

42. Ibid., pp. 65-66: on Voltaire and geology, see also White, Warfare 
of Science with Theology, I, 229. 

43. K. M. Lyell, Life of Charles Lyell, 1 , 271: Lyell to Scrope, 14 
June 1830. 

44. Ibid , p. 263. Lyell to his sister, 26 February 1830. 

45. Ibid., p. 173- Lyell to Mantcll, 29 December 1827. See also 
Mantell. Journal, p 75 (12 March 1830). 

46. K. M. Lyell, Life of Charles Lyell, I, 273: Lyell to Scrope, 25 
June 1830. 

47. [Scrope], “Lycll’s Principles of Geology,” Quarterly Review, 
XLIII (1830). 411-469. For Lyell’s satisfaction, see K. M. Lyell, Life of 
Charles Lyell, I, 309--311: Lyell to Scrojie, 9 November 1830. 

48. For a somewhal highly colored account of the theological opposi- 
tion, both in the 1830’s and later, see T. H. Huxley, “The Lights of the 
Church and the Light of Science,” in Science and Hebrew Tradition, vol- 
ume VI of Ci'lUctcd Eswy.\ (New York, 1894), pp 201-238. 

49 See, for example, Sedgwick. “Presidential Address” (1831), 
PCS, I, 304, Whewtll, History of Inductive Sciences, III, 616-617, and 
sec also Whewell’s remarks in his review in the British Critic, IX (1831), 
180-206, especially pp 184-186, 202-204. 

50 Two voK., London, 1839 Nor did Murchison’s reviewer in the 
Edinburgh Review wake any application of the work to interpretative 
lontroversies (LXXIII [1841], 1-41) 

51. Lyell, Principles of G-ology, I 76. 

52 For the t'rst three months, volume I of the Principles, of which 
1 500 copies were printed, sold fifty copies a week. After this, sales, instea'’ 
of declining, picked up enough to necessitate a second edition, of whiih 
Murray cxjiected to sell one thousand copies in a year, but which in fail 
was bought up before that In 183s, a third edition of the whole sold 1750 
copies in ten months, and a fourth edition of 2000 was sold out in 1836 
(K. M. Lyell, Life of Charles Lyell, I, 311-312, 383, 449, 464'! 

53. For example, W. D. Conybeare, who headed the catastrophist 

counterattack: “The great interest of this treatise seems to me to arise 
from it^ necessary tendency to force the current of scientific attention . 
to ceitain points of theoretical iniju’rj’, for the investigation of which the 
science ha- been for some lime growing more md more miturc’’ {Philo- 
sophical Maii(i.jtm , VIll [1830]. 2151 -1^0 Whewell in the British 

Critic IX (1831'), 180 

54. Sedgwick, “Presidential Address” (1831 ), P.G 5 . I, 302. 

55. K M Lyell, Life of Charles Lyell, I, 316-317. Lyell to Mantell, 
March, 1831. 



NOTES 


381 


[pp. 137-143] 

56. Mantell, Jovmal, pp. 133, 139 (i May and 13 November 1835). 

57. The Geology of the South-East of England (London, 1833) I The 
Workers of Geology; or, A Familiar Exposition of Geological Phenomena 
(4th ed.; 2 vols.; London, 1840); and The Medals of Creation; or, First 
Lessons in Geology, and in the Study of Organic Remains (2 vols.; Lon- 
don, 1844). 

58. Illustrations of the Geology of Sussex (London, 1822). 

59. Mantell, Geology, of the South-East of England, p. 15 In the 
terminology of diluvialist geology in the i83o’s, materials more recent 
than tertiary formations were classified as alluvial and diluvial. The former 
means loose, superficial accumulations deposited by the mechanical action 
of surface water since the time of the retreat of the sea The latter refers 
to materials deposited during a major inundation. 

60. Mantell, Wonders of Geology, I, 1x5-116 

61 /bid., pp. 69-77, X14. 

62. Ibid , pp. 5-7. 

63. The reference is to Buckland's Bridgewater Treatise (sec above, 
p. 212). 

64. Mantell, Wonders of Geology, II, its-xx6. 

65. A Geological Manual (Philadelphia, X832 fist ed.; London, 
1831]) ; and How to Observe (London, 1835). For De la Beche’s work in 
establishing the Geological Survey, see F. J. North, “GeoloR>’s Debt to 
Henry Thomas de la Beche,” Endeavour, III (1944), 15-19 

66. De la Beche, Geological Manual, p. 32. 

67. De la Beche, Researches in Theoretical Geology (London, 1834). 
pp. 240-24X. 

68 Geological Manual, pp. 13 1, 158-165, and passm; see also his 
“Notes on the Excavation of Valleys,” Philosophical Magazine VI (1829), 
241-24S; “Notes on the Formation of Extensive Conglomerate and Gravel 
Deposits,” ibid., VII (1830), x6x ^nd an anonymous criticism of 
several of his papers, ibid., pp. X89-X94. 

69. K. M. Lyell, Life of Charles Lyell. I, 3i7-,> 8, 330, 444: Geikir 
Life of Murchison, I, 203, 266-267. 

70. K. M. Lyell, Life of Charles Lyell, I, 317-3x8: Lyell to his aisti., 
7 .^pril 1831. 

71. Charles Daubeny, “On the Diluvial Theory, and on the Origin 
of the Valleys of Auvergne,” The Edinburgh New Philosophical Journal, 
N (1830-31), 201-229, PP- 304-205. 

7 '- K. M. Lyell, life of Charles Lyell, I, 312 • Lyell to his sister, 14 
' her 1830. 

■ ’ Whcwell, History of Indrtcfh’e Sciences, III, 601- 60- 

7 t Conybeare, “On Mr. Lyell’s Principles of Geology,” Plnlnu phi, J 
ihigazine VIII (1830), 215-219; “An Examination of those Ph,aenonicna 

Gi^ology which Seem to Bear Most Directly on Theoretical Speculation, ’’ 
ibid , pp. 359-362, 40X-406; IX (1831), X9-23, 1XX-117, 188-197, 258-270 



282 


NOTES 


[pp. 142-154] 


75. Ibid., IX, 190. 

76. Sedgwick, “Presidential Address” (1831), P.G. 5 ., I, 313. 

77. K. M. Lyell, Life of Charles Lyell, I, 276: Lyell to his sister, 
9 July 1830. 

78. Ibid., pp. 445-456: Lyell to Fleming, 7 January 1835. 

79. Sedgwick, “Presidential Address” (1831), P.G.S., I, 311-313; 
Lyell, Principles of Geology, III, 272-273. 

80. K. M. Lyell, Life of Charles LyelL I, 328: Lyell to Fleming, 
29 August 1831. See also II, 3-5: Lyell to Whewell, 7 March 1837. 

81. Ibid., I, 318: Lyell to his sister, 7 April 1831. 

82. Sedgwick “Presidential Address” (1831), P.G.S., I, 300-301. 

83. Conybeare, “Report on Geology,” British Association Reports 
('1831-32), I and II (bound in one), 406. 

84. Sedgwdck, “Presidential Address” (1831), P.G.S., I, 305. 

vSs. Ibid., pp. 305-306. 

86. “Lyell — Principles of Geology,'^ British Critic. IX (1831), 194. 

87. Sedgwick, A Discourse on the Studies of the University (4th ed. ; 
Cambridge, England, 1835), pp. 26-27. 

Chapter VI, The Vestiges of Creation 

1. Robert Chambers, Vestiges of the Natural History of Creation 
(2d ed.; London, 1844^, P* 223. Authorship was not certainly known until 
the twelfth edition in 1884, when Alexander Ireland, who acted as go- 
between in arranging for the initial publication, disclosed the author’s 
identity with a view of doing justice to his memory and out of a com- 
mendable interest in “saving the time of curious and diligent inquirers 
who might fruitlessly investigate the matter in future times” (Vestiges 
[ 12th ed.], p ix), 

2. [Sedgwick], “Natural History of Creation,” Edinburgh Review, 
LXXXIl (1845V 1-85, p 3. 

3 See above. Chapter Vll, pp. 184-201. 

4 Andrew D. While, Warfare of Science with Theology, deals defi- 
nitively with this aspect of the slor>' For bibliographical suggestions and 
a brief description of this literature from a point ol \icw' opposite to 
White’s, see Zockler. Bezichungen zwischen Theologie und Naturunssen- 
schaft, II, 474-47«;, 572 (note 115), 576 (notes 136, 137). 

5. Gordon, Life of Buckland, p. 220: Mrs. Buckland to Sir Philip 
Egerton, November 1845. Her letter is an interesting indication of the 
peculiarly English quality of the questions discussed in this book. 

6. Chambers, Vestiges (12th ed.), appendix, pp. Ixix-lxx. 

7. Ibid., p. Ixx. 

8. Ibid. t2d ed.), p. 362. 

9. Ibid., p. 20. 

10. Ibid., pp. 149-151. 

11. /6id., p. 153. 



NOTES 


283 


[pp. iS5-i6a] 

12. /ftia., p. 154. 

13. Ibid,, p. 184. 

14. Ibid., pp. 232-233. 

15. Ibid., p. 161. 

16. Ibid. pp. 185-186, 205. 

17. Charles Darwin, On the Origin of Species (New York, 1864), p. vii 
Opponents were equally sensible of the improvements in the later editions 
'The author of the Vestiges,'' wrote James Forbes upon the appearance ot 
the fourth edition and the Sequel (see note 41 below), . . has shovn 
himself a very apt scholar, and has improved his knowledge and his argu- 
ments so much since his first edition that his deformities no longer appear 
so disgusting. It was well that he began to write in the fullness of his 
ignorance and presumption, for had he begun now he would have been 
more dangerous” (J. C. Shairp, P. G. Tait, and A. Adams-ReilJy, Life and 
Letters of James David Forbes [London, i873l» p. Forbes to Whewell, 
8 January 1846). 

18. (Thambers, Vestiges (2d cd p. 173. 

19. Ibid., pp. 108-203. Chambers attached more importanre to this 
than to the real evidence of comparative anatomy, which he presented 
more sketchily (pp. 191-198). 

.'»o. Ibid., pp. 166-167, 222. 

21. Ibid., pp. 274-278. 

2?. Quoted from Chambers* anonymously conduettd correspondence, 
“Appendix to the Introduction,” Vestiges (12th ed.), p xxviii 

23. Ibid., appendix, p. Ixiv. 

24. Ibid., appendix, p. Ixvii. 

25. Ibid. (2d ed.), pp. 3-’7-'330» 337-350' 

26. Ibid., pp. 333-334. 

27. Ibid., pp. 365-3^9. 

28. Ibid., pp. 366-367. 

29. /6id., pp. 156-157. 

30. Ibid., p. 236. 

31. Ibid., p. 158, 

32. These items are not listed in my bibliography. 1 have glanced at 
them, with respect both for (heir r aders and for the publishers, who 
participated far more intimately in the compilation than .such people do 
today. Either Robert Chambers or his brother, William, actually wrote a 
large part of the material. 

33. From 1854 to its demise in 1897 it was known as Chambers's Jour- 
nal of Popular Literature, Science, and Arts. 

34. Chambers's Edinburgh Journal vol. I, no. 1 (4 February 183?). 

35 . Ibid. 

36. Chambers, Vestiges (12th ed.), p. xxii. 

37. Ibid. (2<1 ed.), p. 392. 

38. T. H. Huxley, “On the Reception of The Origin of Species," chap- 



NOTES 


284 


[pp. 162-164] 


ter xiv of Francis Darwin, Life and Letters of Charles Darwin (2 vols.; 
New York, 1888), I, 541-542. See also Leonard Huxley, Life and Letters 
of T. H. Huxley (2 vols.; New York, 1901), I, 179-183. 

39. It is interesting that Alfred Russel Wallace thought it “an in- 
genious hypothesis strongly supported by some striking facts and anal- 
ogies, but which remains to be proved by more facts and the additional 
light which more research may throw upon the problem'* (A. R. Wallace, 
My Life [2 vols.; New York, 1905], I, 254: Wallace to H. W. Bates, 
28 December 1847). When the Vestiges was published, however, Wallace 
was only twenty-one and had scarcely begun to educate himself as a sci- 
entist, so that his opinion was not of much moment at the time. For 
Darwin’s privately expressed view of ihe Vestiges, see above, p. 217. 
Compare my remarks, however, with A. 0 . Lovejoy’s discussion in “The 
Argument for Organic Evolution before ‘The Origin of Species,’ ” Popular 
Science Monthly, LXXV (1909), 499-514, 537-549, especially pp. 501- 
507. Professor Lovejoy sets aside the testimony of Huxley (and other 
contemporaries) as an emotional rather than a scientific reaction and 
describes the Vestiges as an example of “scientific method'* (p. 504) and 
Chambers as the British writer by whom *‘a logically cogent argument for 
the theory [was] first brought together” (p. 499), one which ought to have 
convinced scientists in the then state of knowledge. I cannot agree with 
this interpretation. Even if an argument of the type of the Vestiges could 
properly be described as logically cogent, then Erasmus Darwin ought to 
have this credit rather than Chambers — though, to be sure, the general 
slate of knowledge was far less advanced in Darwin’s time. 

40. Ireland’s Introduction to the twelfth edition. 

41. See Chambers’ correspondence, extracts printed in the “Appendix 
to the Introduction,” Vestiges (12th ed.), p. xxviii. Each edition was re- 
vised and improved, a fact which made many critics somewhat uncom- 
fortable. After the appearance of the fourth edition, Chambers published 
a separate volume dealing with the criticism he had evoked; Explanations: 
A Sequel to '"Vestiges of . Creation' (London, 1845). Later the sequel 
was incorporated into the parent work as an appendix. It argued that his 
critics, by refusing to accept his interpretation as a scientific premise, were 
driven to rely upon successive visitations of a causation essentially 
miraculous. 

42. Ireland's Introduction, Vestiges (12th ed,), pp. xvii-xix. See also 
references throughout the correspondence cited in this chapter. 
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63. See Geikie’s memoir in W. K. Leask, Hugh Miller (Edinburgh, 
1S96), pp. 147-151. Also, Miller, Popular Geology fBo.ston. 1859), edi- 
tor’s preface, pp. 12-13. 

64. Miller had always been a man of tuibulent intensity given to 
occasional hallucinations. He always went armed, possessed of a patholog- 
ical fear of burglars, and in his latter years the symptoms of incipient 
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80. Ibid,, pp. 68-6g. 
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I September, p. 3; 7 September, p. 2. It should be noted, however that 
The Times was hostile to the Association and tended to ridicule the meet- 
iugs. 
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18. For a brief summary of Combe’s educational theory, see his Lec- 
tures on Popular Education (3d ed.; Edinburgh, 1848), p. vi. The first 
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and Increased Employment Exhibited (London, 1831), p. 205. 
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Thomas Young, M,D., F.R.S. (London. 1855), pp. S8~S9> 481- 

73. Quoted in the first treatise, Thomas Chalmers, On The Power, 
Wisdom, and Goodness of God as Manifested in the Adaptation of Exter- 
nal Nature to the Moral and Intellectual Constitution of Man (2 vols.; 
London, 1833), I, ix. The other treatises (for full citations see the bibli- 
ography, above, pp. 246-247) were: John Kidd, Adaptation of External 
Nature to the Physical Condition of Man; William Whewell, Astronomy 
and General Physics; Sir Charles Bell, The Hand, Its Mechanism and Vital 
Endowments; Peter Mark Roget, Animal and Vegetable Physiology; Wil- 
liam E. Buckland, Geology and Mineralogy; William Kirby, The Power, 
Wisdom, and Goodness of God as Manifested in the Creation of Animals; 
William Prout, Chemistry, Meteorology, and the Function of Digestion. 
The books sold well. Dates of the first editions and the number of subse- 
quent English editions were as follows: 


Author 

First Edition 

Subsequent Editions 

Chalmers 

1833 

8 by 1884 

Kidd 

1833 

7 by 1887 

Whewell 

1833 

9 by 1864 

BcU 

1833 

7 by 1865 

Roget 

1834 

5 by 1870 

Buckland 

1836 

9 by i860 

Kirby 

183s 

6 by 1853 

Prout 

1834 

4 by 1855 


Whether Pickering, the London publisher, originally printed the same num- 
ber of copies of all the treatises, I do not know, but the first two editions 
of Chalmers consisted of 1500 copies each, which were sold out imme- 
diately on publication. See William Hanna, Memoirs of the Life and Writ- 
ings of Thomas Chalmers, D.D., LL.D, (4 vols.; New York, 1857), III, 
312. 

74. For biographical sketches of the authors and a somewhat more 
generous judgment than mine regarding the quality of their product, see 
D. W. Gundry, “The Bridgewater Treatises and their Authors.” History, 
XXXI (1946), 140-152. See also Leslie Stephen. The English Utilitarians 
(3 vols.; London, 1900), II, 349-351 ; and White, Warfare of Science 
with Theology, I, 43-44. 

75. Prout, Chemistry, Meteorology, and Digestion, p. xii. 



[pp.«Mi4] J<fOTES i 9 S 

76. Kidd, Adaptation of External Nature to Physical Condition of 
Man, pp. 176-196. 

77. Whewell, Astronomy and General Physics, p. 19. 

78. On Whewell, see Marion R. Stoll, WhewelPs Philosophy of Induc- 
tion (Lancaster, Pa., 1929). 

79. Second ed.; London, 1838, pp. iv-vii (advertisement) and x 
(preface). 

80. Bell, The Band, p. iz. BeU had collaborated with Brougham in get- 
ting out the latter’s edition of Paley. For a discussion of Bell’s eminence 
as a physician and for an opinion that his teleological philosophy was more 
profound and successful than it seems to me to have been, see Ben- 
jamin Spector, “Sir Charles Bell and the Bridgewater Treatises,” Bulletin 
of the History of Medicine, XII (1942), 314-322. 

81. Roget, Animal and Vegetable Physiology, I, viii-x. 

82. Ibid., p. 25, n. I. 

83 Buckland, Geology and Mineralogy, I, 129. 

84. KirJ)y, Creation of Animals, pp. 7-9 

85. Ibid., pp. 'li-lxxi. I think this is what is meant, though it is hard 
to be sure. 

86. Prout, Chemistry, Meteorology, and Digestion, pp. 10-23: see also 
pp. 95-104, 163-187. 

87. The last section is a devout description of the alimentary canal. 

88. Ibid., p. 404. 

89. Chalmers was professor of divinity at the University of Edinburgh 
He had a great reputation as a preacher and morahst, both in England 
and Scotland. He was leader of the evangelical party in the schism which 
gave rise to the Scottish Free Church in 1843, a close associate of Hugh 
Miller, and a serious student of natural history, astronomy, mathematics, 
and political economy. 

90. Chalmers, Adaptation of External Nature to the Moral and Intel- 
lectual Constitution of Man, I, 5-6. 

91. Ibid., p. 38. 

92. Ibid., pp. 57-98, 169-178 

93. Ibid., pp. 255-257. 

94. Among Chalmers* many publications was a treatise. On Political 
Economy in Connection with the Moral State and Moral Prospects of 
Society (Glasgow, 1832). In some important respects, notably as to the 
danger of gluts, he differed with the orthodox school (for a discussion, see 
Stephen, English Utilitarians, II, 242-250), and though the book was not 
very well received, it was “the favourite child of his intellect’’ (Hanna, 
Life of Chalmers, III, 301). For an enthusiastic, though not very critical, 
appraisal of Chalmers as an economist, see J. Wilson Harper, The Social 
Ideal and Dr. Chalmers*' Contribution to Christian Economics (Edinburgh, 
1910), 
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9$. Chalmers, Adaptation of External Nature to the Moral and Intel- 
lectuol Constitution of Man, I, 228-229. 

96. Ibid., pp. 238-274. 

97. Ibid., II, 9. In fairness to Chalmers, it should be pointed out that, 
like Malthus, he genuinely wanted to improve the condition of the poor by 
inculcating in them the virtues of self-reliance. As a parish minister in 
Glasgow, he had organized a system of parish self-help tempered by church 
relief which was successful so long as he managed it himself. See Hanna, 
Life of Chalmers, II, 302-322; Stephen, English Utilitarians, II, 247-249; 
and for Chalmers’ own writings, The Christian and Civic Economy of 
Large Towns (3 vols.; Glasgow, 1821- » 826). But if anything, his real 
hatred of pauperism makes his attitude more rather than less interesting. 

g8. Chalmers, Adaptation of External Nature to the Moral and In- 
tellectual Constitution of Man, II, 36. 

qg. Ibid., p. 49. 

TOO. Ibid., p. 50. 
loi. Ibid , I, 28. 

Chapter VIII: The Place of Providence in Nature 

1. Clark and Hughes, Life of Sedgwick, II, 357-358: 24 December 
1859. 

2. Francis Darwin, Life of Charles Darwin, I, 312: Darwin to Lyell, 
8 October 1845. 

3. Darwin, On the Origin of Species, pp. vii-viii. 

4 The immediate reaction of scientists to On the Origin of Species 
w'as as Darwin had anticipated, unfavorable, and it was several years 
before the tide of professional opinion began to swing the other way. 
“On the whole, then,” wrote Huxley, “the supporters of Mr. Darw’in’s 
views in 1860 w^ere numerically extremely insignificant. There is not the 
slightest doubt that, if a general council of the Church scientific had been 
held at that time, we should have been condemned by an overwhelming 
majority” (Huxley, “On the Reception of the 'Origin of Species,* *’ Francis 
Darwin, Life of Charles Darwin, I, 540). 

5. Ibid., 1 , 543-544. Besides Robert Chambers; Buffon, Maupertuis, 
Benoit de Maillet, Erasmus Darwin, Treviranus, and Lorenz Oken were 
among the originators of different theories of evolution. Even the more 
solid doctrines of Lamarck and Geoff roy Saint- Hilaire seem to have been 
outside the contemporary stream of scientific development. The pre-Dar- 
winian theory of evolution has been discussed by a number of scholars, 
most of whom have been chiefly concerned either with the question of 
species or with the degree to which piarticular writers anticipated Darwin 
rather than with the more general problem of the elimination of providen- 
tialism from natural history, which is the angle from whicfi this chapter 
will approach the subject. Although there is considerable disagreement 
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about just how the ideas of early evolutionary philosophers are to be 
interpreted, it is at least clear that Darwin did not invent the concept of 
biological evolution, but that before Darwin neither was biological evolu- 
tion generally accepted as a fact. See H. F. Osborn, From the Greeks to 
Darwin, with which should be read three articles in the Popular Science 
Monthly by A. 0 . Lovejoy: “Some Eighteenth Century Evolutionists," 
LXV (1904), 238-251, 323-340; “The Argument for Organic Evolution 
before The Origin of Species,’” LXXV (1909), 499-514, 537-549; and 
“Buffon and the Problem of Species,” LXXIX (1911), 464-473, 554-567 
(which unlike most interpretations regards Buffon as having been an evolu- 
tionist in only a very limited sense) ; see also J.-L. de Lanessan, “L’Attitude 
de Darwin it Tigard de ses predecesseurs au sujet de I’origine des esp^res,” 
Revue anthropologique, XXIV (1914), 33-45: Pierre Brunet, “La Notion 
d’evolution dans la science modeme avant Lamarck,” Archeion, XIX 
(1937)1 2i~43; and for the history of three major subsidiary concepts in 
the modern theory of evolution, see two articles by Conway Zirkle: “Nat- 
ural Selection before the ‘Origin of Species,’ " Proceedings of the American 
Philosophical Sociily, LXXXIV (1941), 71-123. and “The Early History 
of the Ideas of the Inheritance of Acquired Characters and of Pangenesis," 
Transactions of the American Philosophical Society, XXXV (1946), 91- 
151. 

6. Despite the fact that transmutation of species was being widely 
discussed in the 1840’s. I cannot entirelj agree with A. 0 . Lovejoy in his 
excellent article, “The Argument for Organic Evolution before ‘The Origin 
of Species,’ ” in thinking that the circumstance that most of the facts and 
definite arguments used by Darwin were then current means that the 
theory of evolution was, therefore, substantiallv complete. I doubt whether 
the facts and arguments themselves should be regarded as independent 
of the whole scientihe situation, which included a factor that Professor 
Lovejoy appreciated, but which he does not seem to me to allow for suffi- 
ciently. I mean the persistence into the 1840’s of the idea of a superintend- 
ing Providence in natural history. Referring to special creations. Professor 
Lovejoy says, “And while all these miraculous interpositions were taking 
place in order to keep the organic kingdom in a going condition, the Creator 
was not for a moment allowed by che orthodox geologists to interfere in 
a similar manner in their own particular domain of the inorganic processes” 
(p. 506). Now this was just what Sedgwick, Buckland, and Whewell, for 
example, did object to in uniformitarianism (about which the quotation 
Vould be correct) and in the nonorganic parts, of the Vestiges. 

7. Whewell, Indications of the Creator (Philadelphia, 1845), p. 36. 
As Maste^* Trinity College, (Cambridge, Whewell excluded On the Origin 
of Specie^r^l^ii^tit college library (Stoll, WheweU’s Philosophy of Induc- 
tion, p, 4/ ', ’;^ 

8 F ty, “On thfe Reception of ‘The Origin of Species,’” pp. 556- 
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9. Francis Darwin, Lije of Charles Darwin, I, 41. 

10. Ibid., pp. 278-279. 

11. Compare, however, my remarks on Lyell’s attitude toward special 
creations, both here and in Chapter V, to N. von Hofsten, “Ideas of Crea- 
tion and Spontaneous Generation prior to Darwin,” Isis, XXV (1936), 
80-94. 

12. For a discussion of this point, see Charles de Rcmusat, “La Th6o- 
logic naturelle en Angletcrre,” Revue des deux tnondes, XXV (i860), 537- 
573. This article was later incorporated into the author’s PhUosophie 
religieuse de la thiologk naturelle en France, et en Angleterre (Paris, 1864). 

13. J. H. Newman, The Idea of a Umversity (New York, 1891), 
PP- 33-39. 60-66, 219-227, 428-455- 

14. See Gianville Penn, Conversations on Geology, especially pp 291- 
320; William Cockbum, The Bible Defended Against the British Associa- 
tion (London, 1844), and A Letter to Professor Buckland Concerning the 
Origin of the World (2d ed.; London, 1838): George Fairholme, New and 
Conclusive Physical Demonstration Both of the Pact and Period of the 
Mosaic Deluge (London, 1837). 

15. I'erhaps an exception ought to be made here for Philip Gosse, but 
Omphalos (London, 1857) did not question the facts of science in attempt- 
ing to reconcile them with the Bible. It was by no means an oiiginal book 

16. G. V. Plekhanov, Essays in the History of Materialism (trans 
Ralph Fox, London, 1934), p 172. 
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